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LIGHTNING INVESTIGATION AS APPLIED TO THE AIRPLANE ! 
By. A.,O,, Austin, Chief Engineer, The Ohio Insulator Co... 


While the lightning hazard to airplanes or any aircraft 
is very small compared to many everyday risks, this 
hazard receives much attention. Although lightning has 
caused a few fatalities, it would seem that many cases 
of trouble due to other causes have been unjustly charged 
to lightning. Once the effect of lightning upon the pilot 
or plane is recognized, steps can be taken to materially 
reduce if not eliminate the hazard, although this may be 
small at most. 

_ The studies made in the high voltage laboratory of 
the Ohio Insulator Co. for Ward T. Van Orman in testin 
out his protection for free balloonists, and the series o 
tests run on planes and other equipment furnished by 
Popular Mechanics, proyide some rather interesting infor- 
mation. An attempt will be made to cover some of these 
studies briefly. x 

Since the tests run in connection with free balloons 
illustrate certain phases of the subject to better advan- 
tage than those upon airplanes, this matter will be treated 

t. 

In running the series of tests balloon baskets, small size 
balloons, model airplanes as well as full sizes air planes 
were placed between a large electrostatic condenser and 
ground on the test field. e condenser may be regarded 
as a charged cloud and a discharge taking place between 
this cloud.and ground can be made to strike the equip- 
ment under test. Figure 1 shows a discharge taking 

lace from this condenser to ground, the photograph 

ing taken by a synchronized camera.’ . 

_ In general the hazards from lightning may be divided 
into two classes: 

(A) Electrical or physical shock, which may affect the 
pilot and passengers. 

_(B) Those hazards which damage the plane or aircraft. 

It would seem that the hazard due to the direct elec- 
trical or physiological effect of lightning upon the pilot 
or passengers should receive first consideration, rather 
than the damage to the aircraft: Unfortunately it is 
very difficult to obtain information upon this point 
owing to the variation in the personal element itself, and 
the hazard of making studies which may be exceedingly 
dangerous. It ma Rg said, however, that as the size of 
aircraft increases the direct danger to pilot or passengers 
tends to. decrease providing ordinary precautions are 
taken in the design and construction of the aircraft. This 
is due to the greater distance of the crater or point of 
contact of the lightning from pilot and passengers. 

Hazards to the plane or aircraft—These hazards may 
be classified as follows: ree 

1. Fire hazard due to ignition of combustible material 
used in the construction of the plane. 

2, Fire hazard due. to ignition, of explosive gases. 
Oh mmunicated by Van, Orman,, Goodyear Zeppelin Corporation, Akron, 

? All figures are grouped on inset sheets at end of article.—Editor. 
75587—31—1 


3. Weakening or destruction of metal or other parts 
due to current in the discharge, 

4. Breakdown of insulation in the ignition system. 

5. Back fire or preignition, 

6. Damage to instruments. 

7. Damage to rotating parts due to passage of current. 

8. Sudden change in pressure on adjacent surfaces. 


Electrical or physiological shock to pilot or passengers.— 
The. experience of free, balloonists, throws considerable 
light upon the hazard due to shock, and means of protec- 
tion. The fatalities.in Belgium and Pittsburgh of recent 
years caused Van Orman to give this matter considerable 
attention. 

In.the Pittsburgh race Van Orman’s balloon was struck 
by lightning while at. an altitude of 3,000 feet and set on 
fire, and, Morton, who was with him in the basket, was 
killed by the stroke. . The 26 R.C. A. portable loop radio 
set which was between Van Orman om Morton appeared 
to be badly damaged... .However, an investigation showed 
that the set was not damaged electrically, Van Orman 
was apparently conscious for a short time after the stroke. 
He then lost consciousness and apparently remained in a 
stunned or dazed condition for five or six hours after the 
parachuting balloon struck ground. 

Wollam and Cooper in the City of Cleveland had a some- 
what similar experience, the stroke of lightning apparently 
passing over the surface of Cooper’s leather jacket or suit 
which was wet.at the time. The shunt path provided by 
the suit. apparently saved Cooper’s life, although he was 
badly burned by the stroke. Wollam escaped uninjured 
and attempted to lift Cooper and his parachute out of the 
basket, but. was unable to do so. Cooper apparently is 
the only known person to suffer. a heavy direct stroke and 
still live to tell about it, ' 

These incidents show that.a stroke of lightning may be 
very close to a person without causing any serious injury. 
Had the subject to, the same condition while 
flying an airplane, it is possible that they might, have lost 
control of the plane causing it to crash. 

Figure 2 shows the basket, used on the City of Cleveland 
balloon which was struck while the balloon was at least 
5,000 feet in the air. 

The photograph. shows, the basket with a dummy. in 

lace being subjected to an artificial lightning discharge. 
he steel cables from the ring to the basket were not 
bonded to the reinforcing wires which were used in making 
up the basket. .. It.is:possible that had bonding been car- 
ried out, the results might have been quite different. 

In the tests shown in. Figure 2, the collapse of the elec- 
trostatic field caused.an induced potential of over 25,000 
volts, between, the.,dummy, and the lower part of the 
basket,.; While the energy, is not large, the discharge 
might tend to frighten,or startle one similar to a shock 
one receives in coming in contact with a metal object 


259 


~ 
é 
2 
Ay 
at 
Pans 
= 


260 ‘MONTHLY WEATHER REVIEW 


after picking up a charge in walking over a carpet in cold 
dry weather. 

Figare 3 (not reproduced) shows the metal reinforcing 
wire fused due to the discharge of lightning. It will be 
noticed that the horizontal wire crossing the vertical wire 
has been burned in two, as well as some of the basket ma- 
terial. An examination of the basket showed a large 
= of burns where the reinforcing wires crossed each 
other. 

Figure 4 shows a test on Van Orman’s lightning pro- 
tecting scheme. The protection consists essentially of a 
by conductor hanging freely. These con- 
ductors are bonded at the top and part way down, but 
left entirely free at the bottom so as not to interfere with 
landing or parachute jumps from the basket. The con- 
ductors forming the shunt path are moved outward from 
the basket a short distance. The cable supporting the 
basket to the ring has been replaced with rope. It would 
seem that had this device been used in the flights in Bel- 
gium and Pittsburgh, the fatalities due to direct stroke 
would have been eliminated. 

Apparently there is little difficulty in shunting the 
main discharge, but there is some question as to how far 
the discharge should be from the pilot so that he will not 
be stunned or frightened to the extent of losing control. 
The baskets in racing balloons are rather small, and any- 
one in the basket must of necessity be very close to any 
discharge striking the basket. Should the Van Orman 
cage give the necessary protection for direct hits, it 
would go to show that the protection to pilot or pas- 
sengers in an airplane may be easily provided by shunt- 
ing the discharge a short Pitesti to one side. 

anger of Tivect hit—Many people believe that a 
balloon or airplane should not be subjected to a lightning 
stroke while flying, since there is no direct ground con- 
nection. Any object which has a greater conductivity 
than the air or a greater electrostatic flux carrying capa- 
city will tend to disturb the electrostatic field and will 
cause a discharge in the immediate vicinity to take a 
path along the object. 

Effect of construction upon a stroke of lightning —In 
running the tests on the Van Orman cage, an attempt 
was made to protect the balloon. If “the gas in the 
balloon is free from air, lightning will not cause it to 
explode although the balloon may be set on fire. If an 
explosive mixture is present in the balloon, an explosion 
may take place due to the ignition of the mixture. 

ifference between a wet and a dry balloon.—tIn the 
study of high voltage phenomena, particularly those 
applicable to transmission line structures using wood, it 
was believed that there would be a considerable differ- 
ence between a wet and a dry balloon. The tests were 
very interesting in this connection, as they go to show 
that while there might be a considerable difference in 
aircraft which is constructed of metal and that primarily 
of nonconducting material, when dry there would be 
little difference where the latter was wet. This differ- 
ence is undoubtedly due to the increase in electrostatic 
capacity due to the presence of water. 

igure 5 shows a hydrogen filled balloon being sub- 
ected to an artificial stroke of lightning. The balloon 
as a conductor attached approximating a long antenna, 
hanging from the lower side. A number of discharges 
were applied to the balloon similar to that in Figure 5. 
All of these discharges struck to the upper part of the 
conductor attached to the balloon, and then from the 
lower end of this conductor to ground. 
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As soon as the balloon was wet, however, conditions 
were entirely changed, the performance being similar to 
that shown in Figure 6. The discharges instead of going 
directly to the antenna and then to ground, struck the 
surface of the wet balloon. The discharge in Figure 6 
is apparently passing along the surface, whic destroyed 
the balloon in all cases. The discharge invariably 
burned the rubber and set the escaping gas on fire. 
Had the photograph been taken a fraction of a second 
later, the Goce would have been collapsed, the duration 
of the arc shown in the photograph being less than one 
half microsecond. 

These tests go to show that there is little or nothing to 
be gained electrically by the use of nonconductin 
material in the aircraft structure where the materi 
becomes wet, as the electrical fields set up are not mate- 
rially different. 

A discharge striking conducting material adjacent to 
inflammable material is likely to set the latter on fire. 
There are many cases which illustrate this point. Owing 
to the tendency of a discharge to strike a wet balloon, it 
was evident that it was necessary to remove the point of 
contact of any conducting system some distance from the 
balloon. While this is a distinct disadvantage to racing 
balloons, owing to increased weight, the tests are very 
interesting as they show the tendency of the wet fabric 
in diverting a 

Figure 7 shows a discharge to ground some few feet 
distant from a balloon equipped with a cage or lightning 
rods. In Figure 8 the balloon has been wet. While 
there was some tendency for the balloon while dry to 
attract the arc, the point of discharge was too great, so 
that the arc struck to ground. In Figure 8, however, the 
field set up by the wet balloon was of sufficient magnitude 
to attract the discharge. The discharge followed the 
shunt path, then continued from the lower end of the cage 
to ground. Without the shunt path, the wet balloons 


were invariably set on fire by the direct stroke. In some | 


cases the fabric seemed to be only slightly damaged. 
The escaping gas, however, was frequently ignited by 
the stroke, causing destruction of the balloon unless 
quickly extinguished. 

The probability of a direct hit—In the case of free 
balloons or blimps there would undoubtedly be a con- 
siderable difference between the wet and dry conditions in 
attracting a discharge in the vicinity. In other aircraft 
as now however, there would be little 
difference, wet or dry. In the tests on models placed near 
the path of discharge it was evident that the path of 
discharge was diverted an appreciable distance by the 
cage of the plane. It would seem that the proba- 

ility of being struck would increase approximately as the 
square of the greatest linear dimension. 

The nature of the electrical field, the polarity of the 
discharge, and the direction of the axis of the aircraft 
relative to the general path of discharge, are all factors 
which make it difficult to predict the effect of size in 
increasing the probability of direct hits. Figures 9, 10, 
11, and 12 (fig. 10 only reproduced) show typical dis- 
charges to model planes showing the probable points of 
contact of the stroke. 

Figure 13 shows a positive discharge of limited capacity 
striking a model Zeppelin. The discharge was not 


sufficient to cause the are to continue to ground, but 
illustrates the effect of a large body free of ground. Im- 
the first discharge, another discharge 
cient magnitude to cause a discharge 


mediately followi 
was applied of s 
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not oa to the model Zeppelin but from the rudder to the 
und. 

It is interesting to note that in all of the tests the fabric 
used on the Zeppelin and that on the fabric-covered 
duralumin airplane was not ignited by the discharges. 
This goes to show that the fire hazard is mene where a 
path of high electrical conductivity is provided. 

It would seem that the effective increase in size and the 
use of metal in the present construction of airplanes 
should do much to minimize the lightning hazard, even 
though little or no attention is given to protection. 

A direct hit to the plane may possibly affect the pilot 
‘or passengers in one of the following ways: 

(a) Direct hit. 

(6) By forming a path for the discharge between con- 
ducting objects... 

(c) Shock from induced charge. 

(d) Sudden change in air pressure. 

(e) Severe sound or pressure waves. 

(f) Currents induced in the body by an electro- 


magnetic field. 
1 Hazard due to the effect of intense light upon the 
puot. 
While the danger from some of these hazards may be 


absent in many planes, they can be largely reduced if not 
entirely eliminated in others by proper attention to details 
of construction, or by appiying a protecting scheme which 
mal establish the path o harge at a distance from the 
plot. 

(a) Direct hit —In general the possibility of a direct hit 

to the pilot is exceedingly small even in the low wi 
monoplane with open cockpit. The tests showed that 
the discharges would enter or leave through the propeller 
or nose, rudder, wing tips, or landing gear. A ning 
rod projecting above and to one side of the pilot woul 
insure the nbn, of the stroke even though the pilot’s 
head projected well above the fusilage. In large planes 
or Zeppelins the points of contact of the stroke would 
be considerably removed from the pilot or passengers, so 
that it would appear that the danger from direct stroke 
may be even less than that in the ordinary dwelling during 
an electrical storm. 
_ (6) By forming a path for the discharge between conduct- 
ing objects.—A discharge of lightning may carry a current 
far in excess of that available in any of the laboratories 
used for the bein of artificial ightning. The fused 
wire in the basket shown in Figure 2 (not reproduced) 
can not be duplicated with the heaviest lightning dis- 
charges in the laboratory. Records taken at the Forest 
po re stations show that a stroke of lightning may be 
sufficient to fuse a No. 14 copper wire. Tests on aerials 
have shown that wire of larger size is fused, all of which 
indicate currents exceeding several hundred thousand 
amperes. 

_The impedence afforded by conductors with this very 
high rate of discharge will cause a considerable drop in 
potential. This drop in potential causes the current to 
divide into multiple paths, the drop in voltage being suffi- 
cient to cause the bridging of appreciable air gaps where 
the impedance is not very large. It is therefore essential 
that the most careful attention be given to bonding. In 
order to reduce the impedance it is well to distribute the 
conductor in several parallel paths.. This reduces the 
ene and the voltage induced by the high rate of dis- 
charge. 

It is evident that should the pilot come in contact at 
two points ot a conducting member, he is likely to be 
subject to shock. The thorough bonding, the use of a 
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low impedance multiple pan as far away from the pilot 
as possible, together with a single point of contact with 
conducting material will eliminate the danger of shock 
from drop in potential due to the passage of exceedingly 
large currents. 

(c) Shock from induced charge.—A pilot in an open cock- 
re may be subjected to an induced charge due to the col- 

apse of the electrostatic field. It would seem that this 
charge would amount to but little providing the discharge 
did not cause the pilot to become frightened so as to lose 
control. The complete shielding afforded by metal cabin 
planes completely eliminates the effect of the induced 
charge due to the collapse of the electrostatic field. The 
same applies to Zeppelins. 

(d) Sudden change in air pressure. —The intensity of 
lightning varies greatly for different strokes. It would 
seem, however, that the very severe discharge causes a 
rapid heating of the air and an increase in pressure in the 
immediate vicinity. The pressure set up where the air 
is free to expand is not as great as originally supposed. 
The fact that three balloonists have come through storms 
where the stroke was within a foot or two of them would 
indicate that the hazard from this source is not serious, 
even for the very heaviest discharges where the path can 
be moved out a few feet from the pilot. 

(e) Severe sound or pressure waves —The effect of the 
severe sound and pressure waves may be responsible for 
the shock suffered by pilots and others who have been 
within a few feet of lie tning strokes. The duration of 
the effect seems to vary considerably with the individual 
and may cause effects somewhat similar to those suffered 
from shell shock. Many of the factors producing shell 
shock are present although there are others in addition. 
The severity reduces rapidly with distance. It would 
therefore seem that using a construction which removed 
the point of contact between lightning and plane well 
away from the pilot will do much to eliminate any serious 
pene bn a may cause the pilot to lose even temporary 
control. 

The pilot can, of course, be easily protected from sound 
or pressure waves by providing a suitable compartment 
or other sound-absorbing i ment. 

Currents induced in the body by an electromagnetic 
field—A stroke of lightning may consist of a single 
discharge or several discharges within a very short space 
of time. The strength of the electromagnetic field will 
vary directly as the current in the discharge, and inversely 
as the distance. A current of 400,000 amperes in a stroke 
will produce a field of 2,620 maxwells at 1 foot distance; 
262 maxwells at 10 feet distance, and 131 maxwells at a 
distance of 20 feet. 

Any change in the electromagnetic field passing 
through either high or low resistance material will induce 
a voltage and current. The induced voltage and current 
will depend upon the rate of change in the magnetic field. 
It is evident that the lines of force passing through a 
person will induce currents, the action being similar to 
that in a high-frequency furnace. Several strokes in 
rapid succession may inducé a greater current or potential 
than a single stroke of higher maximum magnitude but 
having a slower rate of change. 

_ While it is possible to screen the electrostatic field, it 
is practically impossible to effectively screen the electro- 
magnetic field so as to prevent the lines of force passing 
through objects in the vicinity of the field. The field may 
be set up by the current of a portion of the discharge in 
the air, or in a conductor in the aircraft. It would seem 
that the heaviest discharges taking place close to a person 
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may induce enough potential and current to effect the 
system, or at least paralyze the nervous system tempo- 


rarily. 

A study of the factors affecting the induced potential 
and current goes to show that the electromagnetic field 
may be materially reduced by mee the shunt path 
from the immediate vicinity, and by forming multiple 
paths around the pilot or passengers so that the field 
set up by the current in one path tends to neutralize the 
field set up in the other. The fact that some people have 
not been affected although within a few feet of the dis- 
charge would indicate that a reduction of the field strength 
by an appreciable amount would entirely change con- 
aa and provide protection even for the most severe 
strokes. 

Further investigation may show that the induced 
current does not constitute a hazard. The magnitude 
of the voltage generated and the current induced for 
heavy strokes in the immediate vicinity, however, would 
indicate that the possibility of affecting at least the 
nervous system can not be ignored without very definite 
proof to the contrary. 

Although little has been accomplished in determining 
whether or not the shock or stunning effect is primarily due 
to electrical causes or to physical conditions similar to 
those producing shell shock, the same method will 
improve conditions for either case—which consists 
append in initiating the point of contact to the stroke as 
ar away from the pilot as possible. 

(g) Hazard due to the effect of intense light ween the 
lot—The light from a stroke at night ma 
ave the effect of blinding the pilot when passing throug 

the line of vision. At night the iris is wide open, and it is 
possible that the ultra-violet light might have some effect 
upon the pilot for a discharge stri the nose of the 
plane. In most planes, however, the discharge would be 
to one side and above or below the direct line of vision. 
It is believed that the hazard from this cause is small. 
While intense light may have the effect of blinding the 
pilot for a short time, any serious effect due to ultra- 
violet light may be eliminated by the use of glass in the 
windows or goggles which would absorb any injurious 


rays. 

While the effect of lightning upon the pilot or passen- 

gers undoubtedly causes the greatest and most uncertain 
azards, there are other hazards to the plane or aircraft 
which need careful consideration. 

1. Fire hazard due to ignition of combustible material 
used in the construction of the plane.—The fire hazard to 
the metal plane is negligible although intense heat exists 
at the point of contact with the lightning and the plane. 
The fire hazard is practically negligible even where mate- 
rial which will support combustion is used. Where an 
inflammable covering is used in contact with metal, the 
fire hazard is apparently negligible. Inflammable mate- 
rial which is readily ignite aay be set on fire by the 
crater. The severe rush of air following the stroke has 
the effect of extinguishing the flame, the discharge being 
in the nature of an explosion. The rapid expansion of 
the gases even in the fabric apparently absorbs sufficient 
heat, which together with the blast of air following the 
discharge prevents ignition. This is particularly true 
where a fabric is used to cover duralumin or other metal. 
The heat conduction of the metal and the low resistance 
of the path afforded tend to not only absorb the heat but 
reduce the energy. dissipated. 

_ Figure 14 (not reproduced) shows the effect of artificial 
lightning upon the rudder, It will be noted that the 
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fabric has apparently been exploded at the points of con- 
tact, the fibers being torn apart, the effect being very 
similar to that of popping corn. 

A rather severe series of tests run on a model Zeppelin 
covered with fabric showed that it was impossible to ignite 
this fabric with the artificial lightning. The history of 
Zeppelins has also indicated that this danger is small 

ess conditions approximate those of the gas-filled 
free balloons. 


2. Fire hazard due to ignition of explosive gases—A 
discharge may take place between conducting surfaces 
not properly bonded, or from isolated tanks or conductors 
separated from the bonded structure by small air gaps. 
The discharge may be produced by the release of a bound 
charge following the collapse of the electrostatic field, or 
due to the impedance drop in conductors making up the 
structure, or by the change in the electromagnetic field. 
These induced discharges are similar to those noticeable 
in the ordinary dwelling where a discharge takes place 
between wiring and conduit or fixtures following a stroke 
of lightning near by. Should these discharges take place 
in a pocket of gas, an explosion may result. It is there- 
fore important to either thoroughly ventilate all pockets 
which may accumulate gas or to adopt a construction so 
that a discharge can not take place. Vents or openings 
for scavaging explosive gases should be protected with a 
screen similar to that used in a safety lamp. 


3. Weakening or destruction Y metal parts due to current 
in the discharge.—In aircraft having a metal structure 
there is ample conducting capacity so that a serious tem- 

rature will not be featlied in any of the metal parts. 

owever, should the construction Be such that the cur- 
rent is confined to small members or to important con- 
nections having a high resistance, it is possible that the 
heating may seriously affect the structure and lower the 
mechanical strength. This is important, as some of the 
alloys are materially affected by a temperature far below 
the fusing point. 


While the varnishing of the surfaces and joints together 
with the oxidation of the surface go to produce a joint 
of high resistance, it must be remembered that the 
riveting cuts yan, a the edge and forms a path of low 
resistance. A number of point contacts formed in 
way results in a joint of very low resistance so that little 
or no damage need be feared even though cross section 
of metal in good contact is small. Where metal parts 
simply come in contact or are held a short, distance 
apart, considerable energy may be dissipated in the joint, 


It would seem that the greatest hazard due to heavy 
current affecting the strength of metal parts is that due 
to control cables or stay wires in nonmetal planes, Dis- 
charges direct to the rudder showed a very appreciable 
rise of voltage on the control cable, although in the plane 
tested a small parnentage of the current only was carried 
by the control cable—the major part going through the 
hinge and metal framework. 

4. Breakdown of insulation in the ignition system.— 
Most of the ignition systems are fairly well insulated and 
have to withstand the relatively high voltages generated 
in the normal operation of the engine. Care should be 
taken so that conductors of the ignition system do not 
form a shunt path. In addition, the conductors should 
be exposed as little as possible. The op systems 
apparently are more immune from trouble than would 


generally be expected. This seems to be due to the fact 
that the rise in voltage is limited by the discharging of 
the spark plug either inside or outside the cylinder. | 
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Figure 15 (not reproduced) shows the ignition system 
being subjected to a discharge of over 1,500,000 volts. 
The discharge is striking the spark plug and lead on one 
of the cylinders. A number of similar discharges ap- 
parently had no effect upon the magneto or other parts 
of the ignition system. A small shield placed over the 
plug easily diverted the we 

5. Back fire.—It is evident t 
plug or lead may cause a back fire or the engine cyli 


to fire out of turn. A series of tests were made with the 


engine running so that the discharge would strike the 
propeller or ignition system. The propeller used was 
wood with a metal shielding which ended some distance 

Figure 16 shows a discharge striking the end of the 
propeller. The discharge is then shown jumping from 
the metal shielding on the propeller to one of the spark- 
plug terminals, as these happen to end about in line with 
the end of the shielding.. A number of discharges ap- 
parently had no effect although it oe that the 
impulse from one cylinder was lost. The effect, how- 
ever, was so slight as to leave this point in doubt. A 
small shield placed in front of the rod effectively drew 
all of the discharges. While the hazard is exceedingly 
small, it would therefore seem to be good insurance to 
prevent a discharge of this kind to the ignition system 
which might break down the insulation of leads or the 
magneto. 

6. Damage to instruments.—During one of the endur- 
ance flights at Cleveland the — was struck by light- 

ing and the instruments so damaged that landing was 
made. An examination of the instruments did not show 
any electrical damage due to the conduction of current. 
There was an indication that the diaphragm in the instru- 
ment which was connected to the Pitot tube used for 
determining velocity might have been damaged by the 

ressure set up. In the tests which were run some time 
ater it was evident that the Pitot tube — be a point 
of contact for the stroke, in which case sufficient pressure 
might be set up so as to destroy the rather delicate 
diaphragm. A sudden air pressure set up by the stroke 
in any other way might of course have produced the 
same effect. 

Should it appear that there is danger to instruments 
from the pressure set up, it would be a comparatively 
easy matter to prevent this by placing a baffle in the line 
between the Pitot tube and the instrument, preferably 
with a surge chamber between the restriction and the 
instrument. Other instruments could be inclosed in a 
chamber with a window. 

_ The electrical fields set up by a heavy discharge in the 
immediate vicinity may damage magnetic instruments 
or those in which an induced current may cause a break- 
down of insulation. While electrostatic screening is com- 
paratively easy, screening for the electromagnetic field 
is very difficult and it would follow that instruments 
which are likely to be om by a strong magnetic 
field should be so placed that the path of discharge in the 
frame or surrounding objects is removed as far as possible. 

Damage to rotating parts from passage of current.— 
The damage to rotating parts may be serious where a 
ome current must pass through an important bearing. 
Discharges with currents as high as 100,000 amperes 
showed no appreciable pes, the main bearing, or 
upon ball bearings. Since this dischafge lasted for a 


fraction of a microsecond only, the tests do not prove that 
damage from this source can be entirely ignored. 
general, however, it would seem that a discharge striking 


MONTHLY WEATHER REVIEW 


e. 
at a discharge striking a 
nder 


263 
a métal propeller would flash from the shaft to the face of 
the engine case without causing any damage. However, 
should the discharge take place in the bearing, it is possi- 
ble that trouble would result. Owing to the resistance of 
the bearing, it is comparatively easy to provide a shunt 
path between the propeller shaft and housing so that the 
oil film will not be punctured by a discharge. 


While the energy stored in the test condenser is of the 
order of 10,000. watt-seconds compared to 10,000,000 


watt-seconds in the discharge of ene: it must be 
alm 


remembered that the energy is dissipated almost entirely 
in heating the air so that the energy dissipated in a bear- 
ing may not be any more with a lightning stroke than that 
under laboratory conditions, unless the discharge con- 
sists of a number in rapid succession liberating a consid- 
erable amount of energy. 

8. Sudden change in pressure on adjacent surfaces —The 
sudden change in air pressure following a heavy stroke 
will probably not exceed that frequently occurring under 


normal flight. Should a discharge be close to and parallel 
a surface, it is possible that a heavy effective pressure may 
be set up ten to cause the collapse of same. It is this 


sudden ee in pressure which probably accounts for 
the tearing of fabric. 

It is evident that the larger the spread of the conduct- 
ing surfaces the “tae will be the og of a stroke 
including the airplane in its path to ground, or from cloud 
to cloud. While the use of an aerial extending some dis- 
tance below the plane will tend to increase the danger of a 
stroke it must be remembered that this will at least keep 
one of the points of contact of the discharge at some dis- 
tance from the plane. This advantage may more than 
offset the increased probability of a strike. The use of a 
loop set does not change the hazard in any way over that 
where no radio set is used. The use of a strut or mast 
extending above the plane for an aerial would seem to be 
an added protection as it would tend to keep the point of 
contact at a distance. 

The insertion of a resistane or impedance between the 
antenns and instrument with a shunt path to the frame 
of the aircraft will provide ample protection, the protec- 
tion probably being much more effective than that pro- 
vi for the ordinary house radio set using an outside 
aerial. 

While hot gas is a conductor, the question of the 
engine exhaust forming a conducting path which would 
tend to induce a stroke to the plane does not seem to be 
an appreciable hazard. In all of the tests the effect of the 
exhaust gases could not be noticed. In the many tests 
made there was no indication that a low resistance or con- 
ducting path was created by the hot gases. In fact, it 
would appear that the dielectric strength of the air was 
apparently increased by the wind or pressure produced 
by the propeller. Whil e the gases are conducting for a 
very short distance from the exhaust, this hot gas is soon 
cooled by the marge | of the strong air current produced 
by the propeller, so that no effect upon a discharge can be 


Tn conclusion it may be said that while information is 
lacking as to the effect upon the person, much can be 
accomplished to remove the danger of this effect by giving 
attention to the various factors involved. ile the 
hazard is exceedingly small, it is cme that still further 
improvements may be effected by taking advantage as 
eee in design and construction present them- 
selves. 

Further information upon the effect of shock will 
doubtless show that the hazard is not very great, although 
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it may appear to be neceenary to protect the pilot 
from sound or other conditions during a storm. ere 
the pilot has a fear of lightning, it is possible that 
cys or checks might be, devised which would remove 
t ear. 

Anything which will permit the safe landing of the 
plane or provide automatic control while the pilot is 
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stunned would do much to elimiate the hazard that now 
exists. Owing to the increased reliability of aircraft 
less attention will be paid to storms. While this will 
tend to increase the lightning hazard, it would seem that 
the present hazards can be more than offset by careful 


attention to the various factors tending to produce 


reliability. 


OBSERVATIONS FROM AIRPLANES OF CLOUD AND FOG CONDITIONS ALONG THE 
SOUTHERN CALIFORNIA COAST 


By B. Anprrson, Lieutentant, United States Navy 
[United States Naval Air Station, Anacostia, D. C., July, 1931] 


While serving as aerological officer of the aircraft 
squadron, Battle Fleet, at the fleet air base, San Diego 
Calif., during the summers and autumns of 1928 and 
1929, many previously formed ideas of the California 
weather underwent a considerable change. Perhaps 
the most interesting of these was that, in so far as aero- 
logical officers and aviators are concerned, the weather 
lacks much of the regularity which had been expected 
from the claims of the Californians and descriptions of 
tourists. It is true that over the land adjacent to the 
ocean there is little rain during the summer, few thunder- 
storms and gales, and that the sky generally becomes 
cloudy during the night with clouds that burn off early 
the next morning, leaving the day more or less cloudless. 
(At sea the clouds may, or may not burn off, a fact of 
little concern to those on land but often vitally important 
to the aviator and navigator.) With this the regularity 
ceases, for the velo' clouds frequently form over land 
as early as 2 or 3 p. m., and continue until early morning, 
mid forenoon, or even until noon, at heights which vary 
from 1,000 to 4,000 feet, according to conditions. If the 
clouds form at an altitude of 2,000 feet or more, they are 
of little moment to the pilots of aircraft. However, 
when they develop at such an altitude that their bases 
are less than 1,000 feet, there is a considerable likelihood 
that they will continue to lower until they reach the sur- 
face, when, to all practical purposes, a dense fog results. 

Since the flight operations are often delayed, cut 
short, and even rendered impossible by a velo cloud that 
fails to burn off at the usual time, or that forms earlier 
than the regular time, the aerological officer receives many 
inquiries from squadron commanders asking the time the 
sky will clear, the time that the clouds will form at night, 
what the ceiling will be, whether night flying is advisable, 
if the clouds will clear at sea during the day, and many 
similar questions. Obviously the answers to these 
questions are not always apparent. 

During the summers of 1928 and 1929 many schemes 
were adopted in an effort to find the why and the where- 
fore of the southern California coast weather in the 
belief that if they were found, the when could be more 
easily determined. The current weather maps were 
available but did not explain many of the observed 
details. Old maps were studied in an attempt to classify 
them in accordance with certain very definite types of 
weather which were observed, but with little success. 
A study of the actual changes in the weather during these 
types proved to be more fruitful of results and accounted 
for many of the successful forecasts; but at times a very 
definite type would change suddenly, apparently without 
cause, and a more or less complete failure in the forecast 
would result. The lack of reports from the south and 
west made the identification of fronts difficult, and even 
impossible, much of the time.. Further, meteorological 


1 Velo cloud, the name given by Californians to the high or stratus cloud that 
Grifts over land and y burns off as the day advances,— , 


literature was searched for a satisfactory explanation of 
presence of the velo cloud during the night and its absence 
during the day, at least over land. The explanations 
found did not appear to be of great practical value in 
forecasting the cloud conditions. 

There remained, however, the aerograph records which 
had been made during the many aerological flights at the 
naval air station, mine the opinion was soon formed that 
if an understanding of the velo cloud, and its many 
changes, were to be gained it would be from the visual 
observations and instrumental records obtained during 
flight. As stated, there were many records available, 
but these did not seem to give the detailed information 
desired. Practically all records made during the summer 
and autumn months showed that a temperature inversion 
existed over the air station during these seasons, and 
other records showed that the inversion was frequently 
present during the other seasons. This, of course, was 
already well known, as were the several theories which 
had been advanced to explain the cause of this condition, 
such as the Imperial Valley air theory and the settling 
air, or subsidence, theory. (The former states that the 
warm, dry air above the base of the temperature inversion’? 
is air which has moved westward over the mountains 
from the Imperial Valley to the coast, while the latter 
explains the temperature and dryness of the upper air 
as due to the presence of the H1GH in the upper atmosphere 
over the semi-permanent thermal Low at the surface in 
Lower California. The slow descent of air from this 
HIGH is given as the cause for the heat and dryness aloft.) 
The main points noted in the old records were that the 
topes of the air decreased rapidly with the altitude 
until the base of the inversion was reached, then the 
temperature increased with continued increase in eleva- 
tion to some definite point above which a more or less 
normal decrease in temperature occurred. The record 
showed that as a general condition the relative humidity 
increased from the surface to the base above which it 
decreased rapidly, usually to 50 per cent, or less; often to 
between 50 and 25 per cent; again, to less than 25 per 
cent; and occasionally to almost 0 per cent. However, 
it was found from observations during some of the 
aerological flights that there were inaccuracies in the 
temperature and relative humidity traces on the older 
records and also on the ones being made during the wt 
summer of 1928. The inaccuracies in the relative humid- 
ity traces were caused by the type of humidity element 
installed on the aerograph, a type much too sluggish to 
record details during a routine climb. The temperature 
inaccuracies referred to were caused by the frequent delays 
in take off when the sun was shining. Experience show 
that unless especial precaution were taken under these 
conditions a temperature of 2° to 5° C. above the true 
air temperature would be recorded at the time of the 


? For the sake of brevity the word ‘‘base” alone will be used on subsequent pages, the 
in all cases being the same as in the present instance, 
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FIGURE 1,—Discharge from large condenser to ground at the high voltage labo- FIGURE 4.—Basket equipped with Van Orman cage for protection against 
ratory of the Ohio Insulator Co. Photograph taken by synchronized camera lightning 


Figure 2.—Showing the basket used on the City of Cleveland balloon which FIGURE 5.—Dry-hydrogen balloon with antenne attached, subjected to light- 
was struck while the balloon was at least 5,000 feet in the air ning discharge without damage to balloon 
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(To face p. 265) 


FIGURE 6.—Photograph shows discharge to the wet balloon causing its destruc- 
ion 


FIGURE 8.—The field set up by the wet balloon attracted the discharge which terminated on light- 
ning rod raised from surface 


ey » Kicure 7.—Discharge taking place to one side of dry balloon equipped with cage and lightning rods FIGURE 10.—Discharge entering and leaving from wing tip 
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FIGURE 13.—Upper view: Discharge of limited capacity striking model Re 
Zeppelin. Lower view: Heavy discharge striking Zeppelin and continuing 3 
to ground 


FicurRE 16.—Discharge to propeller while in operation. Discharge strikes from termination of metal 
on propeller to ignition system opposite 
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beginning of the flight and would, therefore, show a 
much too rapid fall in temperature from the surface to 
the base. The relative humidity records were greatly 
improved by the installation of new hairs in the aerograph, 
and the temperatures at take off were corrected for the 
naval air station by the introduction of certain modifica- 
tions in the routine flights by Lieut. A. L. Danis, United 
States Navy, shortly after he reported for duty as aero- 
logical officer. Correct surface temperatures were more 
easily obtained by the aircraft squadrons’ personnel 
since the flights were made from the water in a seaplane. 
During 1928 routine aerological flights were bein 
made daily, except Sundays and holidays, by the nav 
air station personnel, but because of the pressure of other 
duties only a limited number were made by the aircraft 
squadron’s aerologist. During these flights, however, 
the opinion was soon formed that although the routine 
flights were of great value from the standpoint of in- 
formation in general, they were not entirely suited to a 
study of this kind. This was due to the following causes: 
(1) being routine, they were scheduled for about the same 
hour each day; (2) the rate of climb, which was about 
300 feet per minute, was too rapid for the recording of 
many details; (3) the length of the flight was usually 
quite limited owing to the fact that the data had to be 
worked up as soon as possible for use in the morning 
forecast and forwarding to the Weather Bureau, and also 
because of other operations scheduled for the plane. 
During the summer and fall of 1929 it became possible 
_ to make many aerograph flights, not of a routine nature, 
to investigate special features of the local weather. Data 
gained from these flights, together with information re- 
ceived through conversation with officers who had 
cruised in various parts of the eastern Pacific Ocean, ship 
reports, and information obtained in the Weather Bureau 
office at San Francisco, led to a survey of the prevailin 
conditions along the coast and the Adjacent ocean, an 
a study of their relation to the inversion and cloud con- 
ditions. This survey has shown that the inversion is 
normally a sea condition and exists over the land only in 
areas where surface air from the ocean has penetrated; 
that it is influenced at times by air from the Imperial 
Valley, or other inland districts, which is evident from 
the fact that pilot balloon records and observations of 
upper clouds and forest fire smoke show definite.easterly 
winds aloft on many days; that much of the time inland 
air is not present, and therefore not necessary, because 
at times both surface and upper winds are from the sea 
for periods of several days. It is further quite evident 
that although the inversion does greatly influence the 
fog and velo cloud conditions, it is not the cause of either. 
t was known that the inversion extended continuously 
along the coast from San Diego to San Francisco, and 
for a considerable distance to sea. It was also known to 
cover the land areas west of the Coastal Range and to 
exist over San Francisco Bay. During this survey it 
was learned that it extends north along the coast to the 
southern part of the State of Washington during the 
summer and, according to the best information available, 
extends 200 to 300 miles to sea. Numerous aerograph 
flights were made to points 30 to 40 miles west of San 
lego, and also to the south, and the inversion was found 
to exist on all such occasions. On these flights, from 
altitudes of 8,000 to 12,000 feet, the characteristic clouds 
and haze could be seen to distances of more than 100 
miles at sea, indicating that the inversion extended at 
least 100 miles or more to the west, southwest, and 
south. In February, 1929, the U, S, S. Saratoga, while 
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en route from San Diego to Panama, experienced inver- 
sion weather well south along the California Peninsula. 
An aerograph flight 800 miles south of San Diego re- 
vealed a well formed inversion, and velo clouds covered 
the sky for another 200 miles. In June of the same year, 
while returning from Panama, the Saratoga passed under 
the characteristic velo cloud at about the same point 
off Lower California and continued under the same in- 
version conditions during the remainder of the trip to 
San Diego. 

From all information obtained it seems safe to assunie 
that during the summer the inversion ordinarily extends 
from southern Washington to a point 800 to 1,000 miles 
south of San Diego, west from the coast for a distance of 
200 to 300 miles, and over the land areas between the 
ocean and the Coastal Range. This gives an area about 
2,000 miles parallel to the coast, and about 250 to 350 
miles west of the Coastal spine, Finding it difficult to 
— an inversion over such an area, and with such 
different wind conditions, by the explanations given in 
the fourth paragraph (i. e., heated air from the inland 
and a settling of air from a HIGH in upper atmosphere) 
a more satisfactory explanation was sought. Upon con- 
sulting pilot charts it was found that the prevailing 
winds along the coast are from the northwest, covering 
a belt from Washington to Lower California, and about 
200 to 300 miles to sea. Just to the west of the north- 
westerly wind belt there is a similar area with the pre- 
vailing winds from the north, and to the west of this, or 
beginning about 500 to 700 miles off the coast, the north- 
east trade winds are found and they continue to and be- 
yond Hawaii. The characteristic weather of the north- 
westerly wind area is of the inversion type, and that of 
the trade winds in summer is of the instability shower 
type. What the characteristic weather is within the 
northerly wind belt was not determined. It was further 
found that the temperature of the water along the coast 
from Washington to Lower California is colder than that 
at a distance offshore, and that the water temperatures 
west of the San Diego-San Pedro area continue to rise 
to and beyond Hawaii. As would be expected, the tem- 
peratures fall to the north from San Diego and rise to 
the south, but the temperature changes along the coast, 
north and south, are not as great as the rise in an equal 
distance to sea, especially to the west and southwest. 
According to the Hydrographic Office Publication No. 
84, Mexican and Central American Pilot, the warmest 
water of the eastern Pacific is found in the region 1,000 
to 1,500 miles south and southwest of San Diego where 
the mean temperature in August is said to rise to 85 F.°, 
at times. The temperature of the sea water in the San 
Diego area at the same season is about 60° to 62°F. 
When it is remembered that during this same season the 
inversion is best developed, this fact becomes important. 

The pressure gradients over southern California and 
the adjacent ocean are ordinarily very weak, especially 
in the summer, and the average surface winds corre- 
s ondingy light. However, during the heated part of 
the day the sea breeze frequently attains a velocity of 
12 to 18 knots, at least during the early part of the 
afternoon. It has been reported from observations taken 
on board some of our battleships while cruising west of 
San Clemente Island, which is about 60 miles offshore, 
that the winds in that district are frequently stronger 
than those nearer land. The reports referred to stated 


that the winds experienced were 18 to 25 knots, whereas 
a check showed that the winds along the shore on the 
days indicated were 10 to 15 knots, Ordinarily the 
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winds aloft are likewise moderate, but oceasionally very 
high velocities occur. 

As stated above, the prevailing direction of the sur- 
face wind along the eastern edge of the. Pacific is north- 
westerly. Probably it would be more accurate to state 
that along the immediate coast the prevailing winds are 
from the northwest to west. Easterly surface winds 
seldom occur during the summer except under Santa Ana 
wind conditions.* Prevailing directions at 500 to 1,500 
meters are also northwest, but above that height the 
prevailing direction is southwest. These statements have 
been made after examining a table published in an article, 
“Temperature Inversions at San, Diego, as Deduced 
from <Aerological Observations by Airplane,’ by Mr. 
Dean Blake, of the Weather Bureau office at San Diego in 
the MonTHLy Review, June, 1928. The con- 
clusions drawn from this table by Mr. Blake are as follows: 

Even the most cursory examination forces us to draw several 
obvious conclusions, namely: (a) That at virtually every level, 
winds were from the ocean.the larger percentage of the time; 
(b) that between 2,000 and 10,000 meters the percentages from the 
land and ocean remain fairly constant; (c) that beyond 10,000 
meters the few soundings obtainable showed an increasing frequency 
from the ocean; (d) that the prevailing direetion at all levels was 
southwest; (e) that the northwest currents believed to pre- 
dominate at the higher levels, summer as well as winter, were not 
in evidence. 

It is not understood how Mr. Blake derived the con- 
clusion marked “ (d)” for the table, based on pilot-balloon 
soundings for June, July, and August durmg the years 
1924 to 1927, inclusive, as the naval air station, San 
Diego, clearly shows the preponderance of northwest and 
west winds at the surface, and northwest winds at 500 to 
1,500 meters. Aside from this, the conclusions appear to 
be sound. Regarding the velocities of the winds, Mr. 
Blake states: 

Although a chart has not been prepared for the velocities during 
the same period, it was further observed that at the soundings under 
2,500 meters they were rarely other than light, and when from the 
eastern, or land, quarter were more in the nature of a drift than a 
current. 

These conclusions are believed to have been substan- 
tiated during the summers of 1928 and 1929, except at 
the times of Santa Ana winds when very high velocities 
were sometimes found. 

Continuing in this article, Mr. Blake states: 

If we can make our deductions from four years’ record, then 
there must be other causes for the steep inverted gradients besides 
an overflow of hot air to the coast from convectional,action in the 


Imperial and Colorado Valleys, as inversions. occurred at every 
observation regardless of wind direction. 


It is believed that sufficient facts. have now: been pre- 
sented to show this ‘‘other cause.” It will be remem- 
bered that practically all of the air over, the coastal region 
comes from the sea. Except:,immediately. along the 
coast to the north, the water everywhere, within a dis- 
tance of 1,000 miles, is warmer than at,any given point 
along California. This means that air from any portion 
of the Pacific Ocean, while approaching the.coast, must 
pass over colder and colder water, and especially is this 
true when the air, moves. from: the south or, southwest 
where the temperatures rise quite rapidly with distance 
offshore. ‘The processes which takes place as warm air 
passes over the colder water are relatively simple. The 
first efiect is the cooling of the surface air to the tempera- 
ture of the water. Due to-friction between the air and 
the water, especially where waves have formed, the 


* Santa Ana wind or simply Santa Ana—A name gitén by Californians to a strong 
dessieating wind having a ‘northerly component which under favorable pressure condi- 
t.ons blows through passes in the Santa.Ana Mountains of southern California. 
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lower layers of air become turbulent and are filled: with 
eddy currents which mix the cooled air with the warmer 
air above it, each. mass leaving the surface tending to 
cool adiabatically.as,it rises. At first. the surface air is 
thrown upward into warmer and less dense air and con- 
siderable energy is required. This energy is furnished 
by the wind. After the process has continued for some 
time the temperature of the air in this stratum decreases 
rapidly with altitude, in time, equaling the dry adiabatic 
lapserate. Above this stratum the temperature increases 
for a greater or lesser distance, and then decreases at 
approximately the original rate. After the dry adiabatic 
lapse rate has been established near the surface it will 
not require as much energy to throw a mass of air from 
the surface to a given distance aloft as at the beginning, 
hence, assuming the same wind velocity, surface air will 
be thrown to a greater height... There is a limiting dis- 
tance, however, for each wind velocity which will vary 
somewhat with conditions of temperature and humidity. 

Although statements. were made above showing the 
prevailing wind directions for the various areas along the 
coast, it is not to be assumed that such winds are constant. 
For instance, the table of Mr. Blake, which was prepared 
from the afternoon pilot balloon records and therefore 
show the conditions at that time of day, shows that the 
surface winds were from the northwest on about 40 per 
cent of the occasions, from the west about 30 per cent, and 
from the southwest about 25 per cent, This shows that 
it is perfectly possible for air to approach San Diego 
from any portion of the eastern Pacific. Should a mass 
of air with a normal lapse rate of 3° F. per 1,000 feet 
move from the very warm area to the south and south- 
west, where its surface temperature was 80° F., it would 
reach San Diego with a surface temperature of about 
60° F. If clouds have not developed, its lapse rate 
from the surface to the base, assumed to be 1,500 feet, 
would be approximately equal to the dry adiabatic, and 
the temperature at the base would be about 8° F. lower 
than at the surface, or about 52° F, The temperature 
of the air above this point would increase from. the 
minimum of 52° F. to some point, say 1,000 feet higher, 
where a maximum temperature would be found which, 
in this case, would be approximately 72° F. This mass 
of air would, therefore, reach the coast with a 20° inver- 
sion, and the maximum temperature at 2,500 feet. would 
be 12° F. higher than that of the surface air just off the 
coast. This maximum temperature would also be at 
least as high as that of the surface air at the fleet air base, 
or San Diego, on the normal day. By following a mass 
of air from any other point of the eastern Pacific, except 
almost directly along the coast to the north, it will be 
seen that it will reach San Diego, or any other point on 
the California coast, with an inversion but, of course, 
less in amount as the source of the air is farther to the 
north. Many degrees of inversion have been recorded 
by the aerographs, ranging from no inversion to one of 
29° F., also with maximum temperatures aloft less than 
the surface temperature, equal to it, and greater... While 
this thermal stratification of the lower atmosphere is 
being established, important humidity changes occur. 
Once the inversion is formed, the water) vapor, both the 
original and that received from evaporation, is distributed 
in the stratum below the base by the turbulence, and in 
this way the moisture content of the lower stratum is 
increased, while. above the base the amount of. water 
vapor remains about the same as.it was originally. The 
surface turbulence causes the relative humidity to increase 
rapidly from the surface to the base..,.This, with con- 
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tinued evaporation, ultimately causes the dew point to 
be reached, following which clouds begin to form. Clouds 
and fog do not necessarily form ea > in this journey to 
the coast, both because the original air often does not 
have an especially high relative humidity, and also be- 
cause the air does not come into contact with much 
colder water suddenly, as it does over the Grand Banks, 
in the Atlantic. qu 

From what has been said above it appears that any 
mass of air approaching any point on the Pacific coast 
south of the State of achington from a considerable 
distance at sea, except almost directly along the coast to 
the north, must develop an inversion very similar in 
characteristics to those observed day after day in the 
San Diego area. 

Although both the surface and upper winds carry air 
from the sea to the land by far the greater percentage of 
time, still on some occasions there is a definite air flow 
from the land. <A well formed Santa Ana wind represents 
the maximum development of such conditions. Santa 
Ana winds are caused by high pressure areas over the 
Central Plateau iy as with relatively low pressure off 
lower California. Such a pressure distribution causes air 
to flow from well inland to the coast as northeast winds. 
In approaching the coast the air descends from the 

lateaus and mountains to the sea level and is heated 
both adiabatically and by the highly heated valleys over 
which it passes. At times the winds at the surface reach, 
or exceed, gale force, while very high velocities frequently 
occur aloft. This air reaches the coast very hot and dry, 
and with considerably less density than that adjacent to 
the surface of the ocean, so it is forced to rise from the 
surface soon after passing the coast line. An em a 
tionally good illustration of this occurred during the 
summer of 1929 when a Santa Ana of more than usual 
intensity caused northeast surface winds with gusts ex- 
ceeding 35 miles per hour at North Island, and caused 
such heavy clouds of dust that flying was discontinued 
during the afternoon. During this time the U. S. S. 
Aroostook was conducting exercises at sea, about 10 to 15 
miles southwest of the naval air station. At no time did 
the Aroostook encounter northeasterly winds, but was in 
light westerly winds during the whole afternoon. The 
Santa Ana winds continued the next day but with con- 
siderably less velocity, no gusts exceeding 30 miles per 
hour having been recorded. At the time of these max- 
imum gusts a large bombing and torpedo plane (74M) 
took off to calibrate altimeters at 6,000 feet. The pilot 
gained the desired altitude at a point about 4 to 6 miles 
southwest of North Island and, upon signal, leveled off, 
but instead of remaining at 6,000 feet the plane continued 
to ascend to 6,900 feet regardless of the fact that the pilot 
was attempting to stop the rise. Before reaching the 
maximum altitude the pilot turned to the observer and 


indicated his inability to maintain the desired level. 


Although the cause for the strong ascending currents was 
not fully recognized at the time, another attempt was 
made farther at sea and thé proper altitude was main- 
tamed for five minutes without difficulty. No reports 
were received from the surface craft on that day, but it 
Seems safe to assume that the northeast winds did not 
Temain at the surface for a greater distance than 4 or 5 
miles after crossing the shore line. Through conversation 
with aviators and officers of the Battle Fleet, other in- 
stances have been learned of where vessels have ‘exper- 
lenced normal conditions: within 15 to 20 miles of the 
shore at times when strong Santa Ana winds were re- 
Ported at near-by ports. However, that the strong north- 
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east winds frequently proceed hundreds of miles to sea in 
the upper sie is proved by reports of dust clouds and 
sand storms by ships several hundred miles at sea. 

During the summer of 1929 aerograph flights were made 
both during and immediately following several Santa Ana 
winds. As would be expected it was found that the tem- 
peratures, both at the surface and aloft, were much above 
normal, and that the relative humidity, very low at the 
surface, approached 0 per cent aloft. As soon as the 
intensity of the Santa Ana decreased sufficiently to allow 
the sea breeze to be reestablished over the coast it was 
found that the characteristics of the stratum below the 
base had changed little, if any, from the normal, but aloft 
the high temperatures and very low humidities continued 
for several days. 

The above paragraphs show the principal characteristics 
of inland and ocean air approaching the coast, that from 
land being hotter and much drier than that from sea. 
Just as Santa Ana winds are of rare occasion, so are winds 
of the solid current type from sea, for, as stated above, 
the pressure gradients are generally very weak over that 
portion of the sea during the summer. A special chart 
was prepared to study the inversion conditions on which 
all pilot-balloon soundings made at the naval air station 
during the latter part of the summer of 1929 were entered 
by means of arrows, flying with the wind, at the various 

titudes. Red arrows represented easterly or land 
winds, and blue represented winds from the ocean. A 
study of this chart gave the impression that at times the 
air oie the coast line frequently drifts inland for a day 
or two and then drifts to sea, or vice versa. This chart 
was not started until late in the investigation, and owing 
to other duties there was no opportunity to study it as 
fully as desired. The most interesting features noticed 
were that with a slow drift from land the — air tem- 


peratures rose and relative humidity fell, while in appar- 
ently the same air drifting back from sea a day or two 
later the temperatures had fallen and the relative humid- 


ity had risen somewhat. 

The main points brought out in the foregoing para- 
graphs are as follows: 

(a) By far the greater portion of air reaching the Cali- 
fornia coast both at the surface and aloft, comes from the 
ocean. 

(6) Air reaching the California coast from practically 
any part of the Pacific Ocean will have developed an in- 
version by the time the coast is reached. This air will 
have a considerable amount of moisture in the warm air 
above the base. 

(c) When air flows over the coast and adjacent ocean 
from well inland it causes a larger inversion than is caused 
by air from the sea, and the amount of moisture above 
the base is very small. 

(d) The upper air over the coastal waters and adjacent 
land is ordinarily a mixture of air from various areas, 
sometimes a mixture of inland and ocean air, but more 
often a mixture of air from various regions over the ocean. 
The inversions which occur under these conditions have 
characteristics intermediate between those of (6) and (c). 

Velo clouds form in the moist stratum of air below the 
base as a result of processes to be described in a later 
paragraph. If the temperature of the surface air is con- 
siderably above that of the water toward which it is 
moving, or if it is highly humid before the cold water is 
reached, low clouds, or fog, will form far at sea and move 
landward with the air mass. This is especially true in 


the case of air from the south and southwest. On the 
other hand, if the temperature of the air approaching the 
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colder water is only slightly higher than that of the water 
along the coast, or if its vapor content is relatively small, 
it may reach the coast with a well-develo inversion 
without either clouds or fog. However, if this air con- 
tinues in contact with the ocean for any considerable 
length of time clouds will ultimately develop, because 
evaporation constantly adds water vapor to the lower 


‘ stratum, and turbulence distributes it. It was stated 


that the turbulence in the lower atmosphere causes the 
cooling of air below the base and that this cooling might, 
in time, cause clouds. Solar radiation, however, opposes 
this and is the controlling influence most of the time dur- 
ing the day. A much more effective cause for cloud 
formation is found at night when radiation from the top 

rtion of the moist stratum causes the already cold air 
just below the base to become colder. This, ultimately, 
results in instability, and any further cooling will cause 
convection. Obviously, these processes are operative 
throughout the night and the dew point will ultimately 
be reached. This accounts for the fact that the velo 
cloud forms only during the latter part of the afternoon 
or at night, and burns off during the next day. 

Velo clouds always develop in the lower stratum where 
evaporation, turbulence, and convection are operative. 
So far as has been learned there always is an inversion 
above the cloud sheet; there certainly was on all occa- 
sions when observations were made in 1928 and 1929. 
Although these clouds are not formed by an inversion, 
but by the conditions in the stratum below the inversion, 
it does have a marked influence on them after they are 
formed. The height of the base is, in many cases, the 
determining factor as to whether the condensation will 
result in clouds or fog. The rate of increase in tempera- 
ture above the base, and the amount of water vapor pres- 
ent, determine whether or not the altitude of the base 
will remain the same, or whether it will rise after con- 
densation begins. This has a very definite influence on 
the height of the cloud sheet, its thickness, and whether 
or not it will develop downward to the surface. It is 
this lifting of the base through convection and condensa- 
tion that causes a new mass of air from the south or 
southwest to so often produce fog at first and later only 
velo cloud. 

It is believed that the ‘‘more satisfactory’ explanation 
of the inversion, sought in an earlier paragraph, has been 
found, namely, that the inversion is a sea condition and 
is caused by the cold water along the coast. It explains 
why the inversion extends so far to the north and south 
and such a short distance east and west. It explains 
also why the inversion exists with deep westerly winds 
as well as winds from shore, and under pressure condi- 
tions which almost positively preclude the subsidence 
theory. Accepting the theory that the velo cloud is 
caused by renter 4 convections opens the way to under- 
stand some of the peculiar habits of the inversion and 
the base. It also explains some of the most interesting 
types of the irregular weather and, it is believed, it puts 
a very useful instrument into the hands of the forecaster 
who is compelled to answer the whens, the whys, and the 
how much. 

The following paragraphs deal more directly with the 
observations made at San Diego during 1929, telling how 
the flights were made, what special conditions were ob- 
served, and how certain observations tend to substantiate 
the foregoing explanations regarding the inversion and the 
velo cloud. 

Practically all of the flights were made in a seaplane, or 
an amphibian plane, over the ocean, and the air explored 


with a standard Friez aerograph attached to the outer 
rtion of the right wing. During the period of these 
ights, aerological flights with the same 4 of aerograph 
were being made at the naval air station, San Diego, in a 
landplane which generally flew inland. At times it was 
arranged so that special flights were made to sea and 
inland simultaneously, and the records compared. Always 
on such flights the planes made one or more descents to 
cut the inversion at various places. At first considerable 
difficulty was encountered with the relative humidity ele- 
ment on the aerograph carried by the seaplane, and the 
records could be accepted only in a general way. Later 
new hairs were installed and thereafter the it were 
considered as trustworthy as those on similar instruments. 

Great effort was made to obtain correct readings on all 
flights. It had been noticed that the temperature traces 
on the records were frequently inaccurate at the take-off, 
owing to solar radiation, exhaust engine gases, etc. These 
records had led to the belief that the lapse rate from the 
surface to the base often greatly exceeded the dry adia- 
batic lapse rate, but flights made co aogee to the adopted 
plan of having the correct temperature of the surface air 
before the take-off, and then rising very slowly, practi- 
cally never showed a superadiabatic lapse rate, except for 
very limited distances. However, the true lapse rate was 
ordinarily found to equal, or closely approximate, the dry 
adiabatic. Close observations of the relative humidity 

en during flight led to the belief that many of the older 

umidity records were erroneous, due to the rate of climb 
and the lag of the humidity element, and showed a rate of 
fall in the relative humidity above the base greatly in 
excess of the actual decrease. By rising very slowly and 
leveling off frequently, it was found that while the relative 
humidity does fall rapidly it does not usually fall as 
rapidly as believed from the old records, except where the 
upper air has come from well inland. ‘In addition to the 
specific instances given, much time was spent flying along 
the base, and in and around forming and dissipating 
clouds. Special conditions were watched for and, when 
found, flights were made according to the plan which 
seemed best suited to determine the actual conditions. 

The inversion is known to have covered the San Diego- 
San Pedro area not only on the days of these special 
flights, but on practically every other day during the 
summers and autumns of 1928 and 1929. 

Careful observations, and aerograph records, duri 
many flights showed that the top of the velo clou 
almost always coincides with the base. When-clouds are 
not present the base may be identified by the top of the 
moist surface stratum which, when viewed from above, 
has a milky appearance and is characterized by indifferent 
to very poor visibility near its top. Above the base the 
air is clear and the visibility good. The surface separ- 
ating these air masses is so sharply defined a pilot may 
easily fly with the lower part of the plane in the moist 
stratum and the top part in the warm air above. 

The inversion was identified on these special flights 
to points 30 to 40 miles south, southwest, west, and west- 
northwest of San Diego, and inland to the foothills and 
mountains, by means of the aerograph. On many of 
these days it was identified by means of the velo cloud 
and haze layer to points more than 100 miles to sea. 
The U. S. S. Lexington, en route from Honolulu to San 
Diego in June, 1928, passed under the velo cloud at a 
point about 200 miles off San Diego. This cloud sheet 


continued unbroken to the coast. The clouds were 
absent and the weather conditions entirely different at a 
point 360 miles offshore. 


JuLy, 1931. 
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The top of the well formed velo cloud, and also of the 
haze layer, is remarkably level over the sea. Both are 
higher over land during the day, due partly to the contour 
of the country and partly, no doubt, to the thermal con- 
ditions. Little difference could be found in the height 
of the base a short distance offshore and 30 to 40 miles at 
sea, although great care was taken in these determina- 
tions since it was, and is, believed that the surface stratum 
is wedge shaped and that the inversion is much lower, and 
of considerably less magnitude, at a distance of 100 to 150 
miles to the west. Several records definitely showed a 
smaller inversion 30 to 40 miles at sea than a few miles 
offshore, and a few were believed to show a lower altitude, 
but the difference was so small the records were not con- 
sidered conclusive. The heights of the base were always 
obtained from records made during slow ascent, since it 
had been found early in this investigation that aerograph 
readings made during ascent should not be adenhaved with 
those obtained on descent. 

As was to have been expected, it was found that the 
amount and sharpness of the inversion was less over land 
than over sea during the day, and that both of these 
conditions decreased with distance inland. 

Many flights were made to determine the lapse rate 
from the surface to the base in clear weather. On these 
flights the plane was allowed to remain on the water 
with the aerograph on the windward wing and in the 
shade of the upper wing until the temperature trace was 
steady. This was done to insure that the true air 
temperature was recorded at the take-off. To overcome 
instrumental lag, the ascent to the base was made very 
slowly, as much as 30 minutes having been required to 
climb 2,000 to 2,500 feet on several occasions. records 
obtained during flights of this type show a lapse rate 
equal to, or closely approximating, the dry adiabatic 
lapse rate. In a few instances a superadiabatic lapse 
rate was found for short distances. These flights also 
showed a gradual increase in relative humidity from the 
surface to the base. Several theoretical humidity curves 
were prepared from the Neuhoff Chart for comparison 
with individual aerograph records. To obtain this curve 
the current surface humidity was taken and, assuming 
that the moisture had been thoroughly distributed by 
turbulence, points were picked off the chart in accordance 
with the temperatures found at the various altitudes. 
On some flights the relative humidity traces showed that 
the water vapor had not been thoroughly distributed, 
and in every instance the sky bain atid dea until late 
at night, although on several occasions clouds began 
forming in late iRetioott, but soon dissipated. 

The impression had been gained from many records 
that the relative humidity fell off very rapidly above the 
base. In nearly every case where the plane climbed very 
slowly into the inversion it was found that this falling 
off in relative humidity is considerably more gradual than 
had been anticipated, i. e., because of the a 
in the instruments, the lower strata above the base had 
been given credit with a degree of dryness which ordi- 
narily does not exist. This, of course, is what would 
have been expected had it been known that the velo 
cloud is caused. by convection. 

The velo cloud occurs at sea far more frequently than 
over land, or even along the coast. Observations from 
planes have shown that, toward the end of a period of 
clear weather, clouds form far at sea, at least 50 to 100 
miles, and spread eastward. It is not unusual to observe 


a well formed sheet, or bank, of velo cloud far beyond 
miles distant, a day or two 


San Clemente Island, 60 
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before clouds form over, or -neat, the shore. During 
normal summer weather,when the days are clear and the 
nights cloudy, the clouds begin forming over the sea 
several hours before any develop over land. On many of 
the brightest days on shore a cloud bank covers the ocean 
from a point a few miles offshore to a distance of more 
than 100 miles. 

The first indication of the formation of the velo cloud 
is the appearance of innumerable cloudlets in the topmost 
part of the moist stratum. When viewed from above 
these cloudlets resemble little puffballs. They increase 
rapidly in number and size, merging with one and another, 
until large globular masses of clouds are formed. These 
clouds also increase in size and finally merge to form the 
velo cloud sheet. Observations of the above conditions 
have been made repeatedly from planes flying along the 
base. When watched from this level it is seen that the 
formation of the cloudlets is preceded by the appearance 
of little lumps on the top of the moist stratum, or haze 
layer, which, up to this time, has been remarkably smooth 
and level. In a short time small cloudlets can be seen 
forming in the lumps and as the plane flies along the base 
a marked increase in bumpiness can be noticed as it 
passes through that area. After the cloudlets have 
grown into the globular masses of clouds, mentioned 
above, well defined ascending currents can be noticed 
when flying through them. 

The above observations, of course, suggest convection. 
Although the thermal conditions have been shown to be 
favorable for convection during late afternoon and night, 
& more positive confirmation of the idea is found from 
the fact that, in nearly all of the cases observed, the base 
rose over the forming clouds, i. e., the cold, moist air 
rose into the warm air above. This could easily be 
observed from the milky appearance of the moist air as 
well as by the clouds themselves. Under certain favorable 
conditions, namely, when the temperature increased but 
slowly with altitude above the base, and there was a fair 
amount of moisture in the warm air, the base was found 
to be 300 feet higher over a mass of forming clouds than 
in the surrounding clear areas. Under similar conditions 
the top of a well formed sheet of velo cloud was observed 
to rise 300 feet in 5 minutes and another 200 feet during 
the next 15 or 20 minutes. This observation was made 
in the late afternoon when the bank was approaching the 
shore. The base sloped downward from the top of the 
clouds, which were more than 1,200 feet in depth, to the 
original base along the coast. 
rapidly under the sloping portion of the base, being in 
the form of small puffballs near the shore, globular masses 
¢ on farther at sea, and columns near the edge of the 

ank. 

Some aerograph records show a very rapid rise in tem- 
perature and a very rapid decrease in relative humidity 
above the base. e Neuhoff Chart shows that the base 
can not rise to any extent under these conditions even 
though the ‘cloud sheet attains considerable thickness. 
Since radiation from the top of the moist layer must 
continue, whether the base rises or remains the same, the 
convection will continue and, instead of the to 
clouds becoming higher, the base of the sheet will become 
lower. Many flights have shown the height of the base 


in the morning to be approximately the same as during 
the preceding afternoon, and it is not uncommon to 
observe a very low cloud base in the early morning. 
There is a peculiar fog condition which sugusionalty 
results from the lowering of the cloud base. This condi- 
tion has been carefully watched in San Diego where the 
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base of the clouds could be seen to become lower until it 
obscured the tops of the high buildings, then the lower 
buildings, and finally rested on the surface and appeared 
in all respects like true fog. As this occurred at night it 
was possible to see the base of the cloud as it approached 
the street lights, and it was observed to be very irregular 
and ill-defined. Such fogs generally do not last more 
than two or three hours. en they clear they some- 
times do so from the bottom up and again from the top 
down, i. e., in the former the cloud clears at the surface 
but continues aloft, while in the latter the top either 
clears, or descends, until the surface is reached and the 
sky remains clear the remainder of the night. The 
latter condition was observed more frequently than the 
former. If a sharp base is known to be at 1,000 or 1,200 
feet, or less, and the relative humidity at the surface 
somewhat above normal, fog is to be expected that 
ight. 

t hardly seems necessary to mention that the presence 
of a considerable amount of high clouds, either cirro or 
alto clouds, greatly retards the forming and burning off 
of the velo cloud. However, this is a fact and must be 
considered by the forecaster when attempting to answer 
some of the whens he is asked. 

The flights and observations described above were 
made largely because of the belief that if the inversion 
and the velo cloud were more fully understood, the 
explanation of the various types of weather would follow. 
Although it was impossible to verify many of the follow- 
ing contentions, it is believed that the principles set forth 
in the preceding paragraphs satisfactorily explain many 
of the perplexing questions which confront the forecaster 
along the California coast. Among the most important 
of these may be mentioned (a) the existence of the inver- 
sion with deep westerly winds as well as with winds from 
land; (6) why the velo cloud forms; (c) why it is typicall 
a night cloud; (d) why it occurs over the ocean so muc 
more frequently than over the land; (e) why it frequently 


does not burn off at sea; (f) why the base frequently rises 
during the night; (g) why the cloudiness sometimes in- 
créases for several days and then decreases during the 
next several days (occasionally the clouds will disappear 
entirely within 24 to 48 hours and the resulting clear 
weather will continue for several days); (h) why fog is 
almost sure to develop along the coast and for several 
miles inland on nights when the base is less than 1,200 
feet high, especially when the temperature above the 
base increases rapidly; (i) why this type of fog clears 
over the land within a few hours, sometimes from the 
ground up, but more often ‘‘from the top down”; and 
why a light mist sometimes falls in the early morning 
during the summer. 

It is recognized that the observations made in 1929 
are but the beginning of those necessary to solve the 
riddle of the irregularities of California’s regular weather, 
but it is felt that useful, as well as interesting, information 
has been obtained. It is seen that the aerograph has 
become much more helpful to the forecaster because, by 
means of it, he is supplied with such very useful informa- 
tion, as, the height of the base, the amount and sharp- 
ness of the inversion, the humidity above the base, and 
the lapse rate and distribution of moisture below the base. 
All of these data are of practical value in forecasting local 
weather and, in all probability, will become more so as 
additional facts are learned since, even with the imperfect 
ideas held during this investigation, the thickness of the 
morning velo cloud and the height of the base were fore- 
cast several times from the afternoon aerograph record 
and the Neuhoff chart. It is granted that this was 
largely the result of chance, since the assumptions made 
were only guesses. Still there appear to be no good 
reasons why, with additional knowledge, not only the 
height and thickness of the clouds and the height of the 
base, but also the other features which are of vital impor- 
tance to the aviator and navigator will be forecast with 
confidence and accuracy. 


SOUTHERN ARIZONA FLYING WEATHER 


By C. Watton 
(Weather Bureau Office, Phoenix, Ariz.] 


Science and invention have accomplished considerable 
in recent years to further the cause of aviation. Equip- 
ment has been improved and many valuable lessons 
learned, often at great cost, so that aerial navigation has 
been stripped of most of its perils. In flying circles, the 
weather remains a favorite topic but even that has been 
shorn of its terror, not because we can defy or control 
the elements, but due to the excellent system of reporting 
and forecasting conditions as they are and as they will be 
a few hours or days hence. 

No section of the country enjoys “‘nerfect’’ weather, 
but southern Arizona is probably as free from weather 
hazards as is any locality in the United States. 

The route selected by the Southern Transcontinental 
Airline from El Paso, Tex., via Douglas, Tucson, and 
Phoenix, Ariz., to Los Angeles, Calif., traverses a flat 
open terrain, with the exception of a low range of moun- 
tains near the Arizona-New Mexico boundary, and a 
scattering of hills, some of which have been dignified by 
the name of ‘‘mountain.”” Throughout the greater por- 
tion of the year, a pilot flying over this territory at an 
altitude exceeding 1,500 feet is in a realm where the 
visibility is limited only by the power of his own eye. 
Haze, smoke, fog, low clouds, and other limiting agents 
are of such rare occurrence as to be almost negligible. 


Snow, sleet, and ice are practically unknown, and the only 
place they could occur would be in the upper reaches over 
the only range of mountains crossed. 

Dense fog, so feared in many localities, seldom obscures 
the Arizona landscape. It has been observed only 36 
times in the past twenty years at the Phoenix Weather 
Bureau office, and the distribution by months leaves 
most of the year fog free. December leads with 20; 
January follows with 11; November supplies 4; and March 
furnishes the other day with dense fog. Five of the twenty 
years have had none at all. During the winter months 
an occasional blanket of smoke partially obscures the city 


of Phoenix but leaves the airport clear. At Douglas, 


Ariz., the smoke occasionally cuts the visibility to as 
little as 3 miles, but is never dense enough to offer a 
serious handicap to flying, as the ‘‘blanket” is not more 
than 300 or 400 feet in thickness, 

Another indication of the excellent visibility is the fact 
that the beacons between Phoenix and Los Angeles are 
located about 30 miles apart. East of Phoenix the air- 
way is not yet lighted but when installation is completed 
the average distance between beacons from Dallas to 
Los Angeles will be as nearly uniform as possible. 

Ceilings are usually unlimited, or at least, sufficient 
to allow a generous margin of safety. In time of precipi- 
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tation estimated ceilings less than 1,000 feet have been 
reported, but the lowest ceiling encountered by a pilot 
+ te is 1,125 meters, or 3,700 feet. 
With fair weather the prevailing condition, flight sched- 
ules are seldom interfered with. Occasional unfavorable 
weather at the coast terminal delays a plane’s departure 
but cancellations are few. During the eight months o 
airmail in this section, only about 15 flights have been 
canceled due to Arizona weather, most of these occurring 
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resultants for each season, but as these data are alread 
on file, by months, at the Weather Bureau offices in bo 
Washington, D. C., and Phoenix, Ariz., available to those 
who may have special need thereof, this plan was aban- 
doned in favor of the less technical one presented in this 
paper. 

TaBLE 2.—2,000 meters above sea level 

[Velocities in meters per second; fractions omitted] 


during February of this year. a 
aon with its policy of cooperation and expansion, the pice 
Weather Bureau inaugurated pilot balloon work at the peed aches eet iil 
Phoenix Weather Bureau office in February, 1930, and 
the data thus obtained played an important réle in pre- aver aver Aver Aver 
paring schedules for the air mail which began eight months Num- ng Rd Tg 
later. ity ity ity ity 
The upper-air data herewith presented have been 
pared from the results of the first year’s observations, 1. e. 
to January 31, 1931. Only the regular morning and NE Re a " 
evening runs have been considered, of which there have al 
been 696 out of a possible 708, or 98.3 per cent. Only 5 ESE 7 
of the 12 runs omitted were mi on account of the ssi. sl el. 
weather. Surface data are not included in the accom- it 
panying tables, being deemed of insufficient value 17} 5| 6] 5} 8 
tify the time necessary for its preparation. The surface i} s| 7| 
wind at the morning observation is light to gentle easterly NW 
with surprismg regularity, while that at the afternoon NNW $8} 2} 4) 5} 8] 5] 9 5 
of these generalities would not be sufficient to affect 
the averages. Four levels have been selected for study, 
namely: 1,000, 2,000, 3,000, 4,000 meters above sea- (Velocities in meters per second; fractions omitted) 
level, and it is interesting to note that these levels were 
reached by 696, 694, 624, and 446 balloons, respectively. 
Thus, only 70 runs failed to supply data as high as t 
3,000 meter level. The large decrease between the 3,000 
meter is caused by the use of lanterns 
or the morning observations. Num- Num-| "age |Num-|‘ age | Num- 
ber | veloc-| ber | veloc- ber’ | veloo- 
TABLE 1.—1,000 meters above sea level ity 
[Velocities in meters per second; fractions omitted] z 4 10 4 
ESE 6 7 8 6 6 6 ¥ 10 
NW. 6 5 7 7 12 8 7 9 
No u 2 2 3 7- 4 7 2 NNW 3 5 7 4 18 8 14 9 
7] 4 Referring to Table 1, it will be noted that during the 
Z| $| & summer, the prevailing direction is west, or points imme- 
4) 4) §| 2 diately adjacent thereto, and in the case of the morning 
ssw 7 observations, is in striking contrast to surface winds. 
#| $| 3) 4) 4! 4 Bxperience has shown that these surface easterlies are 
so; 4) §| & very shallow, the balloons frequently encountering 
NW. | 4] 10] 3] 3] wl 6 3 posing or cross currents a few seconds after being released. 


The following tables, numbered 1, 2, 3, and 4, present 
the results of thas 696 observations. |The division into 
summer and winter include April 1 to September 30, and 
October 1 to March 31, respectively. ‘The first column 
under each season gives the total number of times the 
wind blew from the directions indicated regardless of 
Velocity. Otherwise the various headings are self-explan- 
atory. Originally, it was planned to include the wind 


atmosphere is somewhat thicker, extending to the 1,000- 
meter level with greater frequency. In the afternoon, 
throughout the year, the western quadrant supplies the 
greater portion of the winds. The range in velocities is 
small, so the averages listed are truly representative. 
Inspection of Table 2, reveals the fact that the pre- 
vailing easterlies in the previous level are caused by con- 
ditions more local than general, as their influence appar- 
ently barely extends to the 2,000-meter level. That they 
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are more prevalent in the winter than in the summer 
would indicate that the temperature is vitally important 
in their existence. In this higher level we find southwest 

redominating, although the range is from south to west. 
This is especially true in the summer, as in the winter the 
winds are more variable. Velocities are higher and, 
although the increase is not great in summer, there is a 
tendency toward stronger winds, particularly in the cooler 
months of the year. 


TABLE 4.—4,000 meters above sea level 
[Velocities in meters per second; fractions omitted] 


Summer Winter 
A.M P. M. A.M P.M 

Aver Aver- Aver Aver. 

Num. Num Num: Num-| age 
vi ber | veloc-| ber | veloc-| ber | veloc- 

ity ity ity ity 
3 7 3 3 7 17 
3 10 6 5 3 3 4 ll 
1 3 4 8 ll 7 5 8 
0) 2a a 2 6 3 3 2 8 12 9 
RAE ES ERS 3 6 1 11 0 0 5 8 
Bes See eee 2 2 6 6 2 3 3 7 
3 4 4 4 0 0 4 4 
5 6 5 3 7 2 6 
5 ll 10 0 0 6 6 
14 12 16 ll 0 0 8 
14 10 29 9 5 12 10 10 
SE EE 13 10 26 10 4 15 16 12 
6 8 14 8 5 19 4 14 
i) =e 5 7 12 6 5 8 16 10 
4 5 4 6 ll 14 12 14 
2 6 10 3 12 10 15 


The conditions found at 2,000 meters extend upward 
through the other two levels, with an ever improving 
advantage to the eastbound flier. During the summer 
the sector south to west prevails, while during winter, the 
directions are from west to north. 

Briefly, then, the fact that Phoenix has a greater num- 
ber of easterly surface winds does not indicate that the 
upper currents differ from those over the country in 
eneral. On the contrary, we find that the movement is 
rom the western portion of the compass. However, the 
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upper winds cover a wider range of directions than are 
found to exist in many sections of the United States. 
This may be due to the location of Phoenix at a point 
considerably south of the usual paths of the cyclones and 
anticyclones. | 

Upper-air investigation has revealed several interesting 
features of the atmosphere in this region. Surface winds 
are usually light, and, particularly on hot afternoons, this 
“‘stagnation’’ often extends to considerable altitude. 
Balloons have been followed to 4,000 meters and 5,000 
meters with elevation angles remaining above 60°. 
Graphs of such runs show every point of the compass. 

Estimating ceiling or height—Most observers 
learn to associate cloud formations with altitudes, so when 
one is known, the other can be more readily estimated. 
Such individuals face a problem in this locality until the 
acquisition of sufficient data warrants definite estimates. 
Of the 1,150 balloon runs made to date, cloud altitudes 
have been ascertained in exactly 100 instances, but these, 
with 3 exceptions have been confined to 3 cloud types. 
Strato-cumulus lead in frequency, ranging in altitude 
above the surface from 1,100 to 4,200 meters, with an 
average of 2,250 meters. The two remaining types share 
equally as to frequency but show considerable variation 
in altitude. Alto-cumulus range from 2,400 to 6,400 
meters with an average of 3,700 meters, as compared 
with an average of 5,400 meters for alto-stratus, which 
showed a range from 4,000 to 8,000 meters. Comparison 
with the cloud altitude charts in common use indicates 
that clouds in southern Arizona average somewhat higher 
than in other portions of the country. 

Everything considered, flying conditions are very 
favorable in this section. An average of only 41 cloudy 
days, 39 of which with a measureable amount of precipi- 
tation, per year; no ice-forming weather; no snow; very 
little fog; and very few high winds, 43 miles per hour 
being a 35-year maximum, are some of the outstanding 
reasons why this has been designated ‘‘the fair weather 
route.” Add to this the favorable upper winds as out- 
lined above, and this locality’s desirability as a flying 
center can be readily appreciated. 


DIMINISHING WINTER RADIATION FROM SUN AND SKY AT MADISON, WIS. 


By Ertc R. 
[Weather Bureau, Madison, Wis.] 


A continuing decrease of the insolation registered at 

Madison with the Callendar bolometric sunshine recorder 
was pointed out by Mr. A. F. Piippo (1) and the question 
whether it was due to city smoke or to deterioration of 
the apparatus was considered by Dr. H. H. Kimball in a 
note to the same paper. The present paper adds further 
data and applies statistical methods to their interpreta- 
tion. 
__ Smokiness in Madison is mostly due to heating, since 
the city is administrative,.educational, and residential 
rather than industrial. The few industrial plants are 
located 3 or 4 miles east of the Weather Bureau station, 
and the prevailing winds are northwest in winter, south- 
west in summer, The university heating plant with 
chimney 250 feet high is 1,000 feet south-southwest of the 
station. Its annual consumption of coal (in tons of 2,000 
pounds) in years ending June 30, was: ' 


Tons Tons 

19, 640 | 1924-25. 21, 076 
20, 429 | 1929-30. 30, 153 


The smoke from this chimney always drifts off in 4 
compact stream before diffusing. The proportion of 
black smoke has been greatly decreased in recent years 
by improvements in the furnaces to bring about complete 
combustion. It is not possible to present similar statistics 
of the use of coal for domestic heating. A notion of the 
change is afforded by the census reports of the population 
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of the tenth ward, which includes the western part of the 
city beyond the university: 3 


When the sunshine record was begun, anthracite was 
largely used for house heating. Since then there has 
been a shift to bituminous and to oil. 

Winter being the season of smoke emission, the data 
from ow Callendar sunshine recorder have been separated 
as follows: 


Calories per square centimeter of horizontal surface 


December-March} Calories || June-September | Calories Year Calories 
10194422. 29, 473 |} 58, 125, 267 
1913-14. 24, 189 || 57,674 122, 818 
1914-15. ..-......- 26, 253 |} $7, 806 4.1014. 
1916-17. .......-.- 28,753 58, 547 || 125, 072 
1919-20. .........- 26,490 56, 060 116, 857 
1920-21_.......... 21, 000 1920............. 56,49 |) 121, 618 
1924-25... 23,814 |} 51, 652. |}. 1924....-..-..... 112, 606 
1925-26. .........- 56, 376 119, 234 
23, 026 || 62,642 1926.............) 115, 486 
26, 620. |) 1027:...........- 66, G63 1027. ............ 112, 552 
23, 319 |} 54, 688 || 119, 015 
21, 526 || 87, 757 || 120, 136 


The secular trend of each of these series has been found 
by fitting regression lines, using the method described 
by Persons (2), pages 158-160. These equations, in 
which the coefficient is the rate of change in calories per 
year, are: 


Of the annual decrease, 62 per cent occurs in the 4 months December-March. 


The method of testing the  Emerny of regression 
coefficients due to “Student” (3), pages 115-124, has 
been applied to these data with the following results: 


Std. 
error t P. 


73.5| 3.32] <0.01 
tember............ 90.3) .40 


| 


where P. is the probability that.a random sample will 
have a value of t falling outside the value found here. 
The regression coefficient for the summer months is 
evidently not significant, while that for the winter is 

uch a change could be brought about by an increase of 
cloudiness. Eye observations of the cloudiness during 
daylight hours have been made at Madison (bihourl 
sce September, 1918), and the secular trend of cloudi- 
hess is shown by the following: : 
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Per cent | Per cent 


per 
annum years 


The observed trend of cloudiness is just the opposite 
of what is required to explain the decrease in the observed 
radiation. 

However, it must be remembered that smoke, haze, and 
fog are excluded in making the estimate of cloudiness, 
hence an increase in smokiness should produce a decrease 
in the recorded cloudiness to the extent that clouds are 
obscured by smoke. 

The hours of bright sunshine, registered by the ther- 
mometric sunshine recorder in the same 20 years, show 
the secular trend indicated by the following equations: 


Per cent 

years 
0 y= —. 0069x —. 00428 09 


The percentage change of these data for December— 
March, agrees remarkably closely with the change in 
calories. The coefficient of correlation between calories 
and hours of sunshine for December—March is 0.75, which 
is less than would be expected from the similarity of 
secular trends. 

Deterioration of the Callendar apparatus is believed by 
Doctor Kimball (1) page 504, to be indicated by the com- 
parisons that have been made between the Callendar 
apparatus and the Marvin pyrheliometer. Since the Cal- 
lendar apparatus registers the vertical component of sun 
and sky radiation, while the Marvin instrument is exposed 
normally to the sun’s rays, the comparisons are made by 
shading the Callendar receiver, and reducing the drop in 


_ ordinate, trigonometrically. In series of observations 


made in 1913-1915 and in 1917 the shading of the Cal- 
lendar instrument was simultaneous with the observa- 
tions with the Marvin pyrheliometer, with the result that 
the trace of the recorder had to be interpolated. In 1927, 
the relatively smooth base line representing sky radiation 
only, was obtained by shading the Callendar apparatus 
before and after the pyrheliometer readings. This change 
of technique introduces some uncertainty into the com- 
parisons. The results obtained vary with the altitude of 
the sun, so that there is either a variation of sensitiveness 
of one or other of the two instruments, or the trigonometric 
relations are not as assumed. 

Results of comparisons to the end of March, 1927, 
were given by Doctor Kimball in the paper referred to. 
Some 37 additional comparisons were made in 1927. 
The following tables include all of the comparisons: 


Number of comparative observations in each group 


= — 
cent | Per cent 
per in 20 = 
annum | years 
| —0.982| —19, 64 
—77.4x -0.139 —2. 78 
| | | 
Decembe: 
15 16 M4 3 2 2 
Average solar altitude of each group . 
5&3)... 43.0) 20.8) 203] 159] 14.3 
1927... 55.7 41,5 30.5 22. 1 16. 5 12.6 
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Average factor (f.) to reduce Callendar to Marvin 

1913-1915. _ 0.0346 | 0.0342 | 0.0354 | 0.0380 | 0.0423 | 0.0502 

1917... -0853 | .0354 | .0877| .0871 

1927... 0354 | .0856 | .0858| .0381| .0418| . 0489 
Standard deviation of the observations of f. 

1913-1015. . 0.0010 | 0.0018 | 0.0018 | 0.0024 | 0.0017 | 0.0015 

1917... -OO11 | .0010} .0019| .0038 

1927... 0020} .0013 | .0023| .0031 | .0051 
Standard error of the mean f. in each group 

1913-1915. 0.0003 | 0.0005 | 0.0005 | 0.0017 | 0.0017 | 0.0015 

1917... | .0004| .0010| .0022 

| .0002} .0005| .0008 | .0026 

Increase of f 

1913-1915 to 1917... i 0.0007 | 0.0012 | 0.0023 | 0.0009 |.......-|....... 

1913-1915 to 1927_- | .0014 | .0004| .0001 | 0.0005 

-0001 | .0008| .0019| .0010 


The best value of the change of f. in each column, i. e. 
the one obtained from the means having the smallest 
standard error at both beginning and end of the interval, 
is indicated by italicizing. It will be observed that these 
changes are mostly smaller than the standard errors of 
the means on which they are based, whereas the differ- 
ences should be three times as large as the standard 
errors to indicate progressive change, with certainty. 
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DISCUSSION 


It is a source of gratification that further comparisons 
between the Marvin and the Callendar pyrheliometer in 
use at Madison cast doubt upon a sendy: deterioration 
in the Callendar instrument, which earlier comparisons 
seemed to indicate. On account of the small number of 
these comparisons in the different periods compared, this 
fae can not be considered definitely settled, however. 

t is therefore hoped that additional comparisons may be 
obtained from time to time. 

I may add that similar comparisons that are obtained 
during nearly every month at Lincoln, Nebr., have not 
shown an appreciable change in the reduction factor for 
the Callendar pyrheliometer in use at that station, except 
on one occasion, when the bridge wire was injured and 
had to to be replaced. 

Mr. Miller’s paper shows quite conclusively that the 
progressive diminution in the annual totals of radiation 
received at Madison is attributable to the increased 
smokiness of that part of the city in which the university 
and the Weather Bureau are located, due to the change 
from anthracite to bituminous coal for heating dwellings, 
and an increase in the number of dwellings in the uni- 
versity section of the city. The same thing is true at the 
American University, District of Columbia, where, also, 
a depletion is confined to the winter months.—H. H. 

. | 


THE FUTURE OF AGRICULTURAL METEOROLOGY 
By W. A. Marttice 
[Weather Bureau, Washington, August, 1931] 


In these days of overproduction of agricultural prod- 
ucts, with a corresponding es we of prices, the 
thoughts of the Nation turn to the plight of the farmer. 
There are many experiment stations, experimental farms, 
and various governmental agencies that are continually 
advising the Secenee what crops to grow and what crops 
not to grow, but has the weather received full considera- 
tion in these opinions? The ever-present alchemist that 
transmutes base materials into the gold of the ripe 
wheat, corn, etc., has been scarcely accorded the measure 
of respect due the vast power wielded. The weather in 
its effect on agriculture has been scrutinized from afar, 
as through a ong range telescope, but very little has 
been accomplished in pursuing the microscopic detail 
necessary for complete understanding of the underlying 
principles involved in crop growth. The experimenter 
in physics, for example, does not attack his problems 
with the pick and shovel of the day laborer, but with 
intricate machinery, delicate lenses, accurate micrometers, 
etc. The comparison is perfectly analogous, for the 
present-day researches in agricultural meteorology are 
conducted on a grand scale, a State unit, district unit, 
or even a country-wide unit. The wealth of detail ob- 
tainable on such scales are meager, it is indeed, comparable 
to the pick and shovel of the day laborer. We might as 
well supply the archeologist with dynamite alone and 
expect to return with the delicate murals, friezes, 


urns, etc., that are obtained only through infinite patience 
and careful brushing and screening of minute fragments. 
Statistical studies of crop production as related to 
weather conditions have been and are still being made, 
with variable results. It is the present experience of 
investigators that, a series of correlations reaching a 
coefficient of 0.90, or a little better, is about as good as 
can be expected with available crop and weather data. 
However, a coefficient of 0.90 leaves much to be desired, 
for even with one this high there still remains 43 per 
cent of the spread between the actual and computed 
figures to be accounted for outside the data included in 
the equations. How can this gap be bridged; and is the 
inadequacy of the data the stumbling block? . 
The Weather Bureau includes in its meteorological 
statistics for first-order stations, in addition to tempera- 
ture and rainfall, the hours of sunshine, direction of the 
wind, state of the weather, barometric pressure, vapor 
essure, relative humidity, ete. Perhaps these, or at 
east some of them, have important relations to crops, 
but what material benefit are they when measured on the 
top of an office building sometimes four or five, or even 
more, miles from the nearest ¢rops? ain, these first- 
order stations are widely separated—they are seldom 
nearer than 50 miles from each other and the various 
States rarely have over six or seven of them. What 
variations in the weather occur between them? 
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+The cooperative stations ‘are nearer the crops, being 
mostly in small towns,’ or even on farms, in some in- 
stances, but they measure only rainfall and temperature 
once a day and have no self-recording instruments that 
keep| a continuous record.’ "Thus, for these which are 
applicable, many weather phases are not 
available. brn lab, ad 

The crop statistics are even more hazy and op omer so 
in addition to being relatively inaccessible. We can find 
easily the estimated yield per acre or total e, for the 
most available data give these figures on a State unit 
basis, but yields often vary widely in different parts ofa 
State. Local, even in most places county, temperature 
and rainfall data are‘available, but what about correspond- 
ing yield-figures? | They are to be had in some individual 
State publications, but a complete file for one State is 
difficult to find outside the is 


series is rarely carried back far enough to be of material 
value for study ee: ‘Even if county figures were 
more readily available, we are again handicapped by the 
lack of detail, only yield per acre and total acreage being 
ven. 
If we are studying corn, for example, when was the crop 
ery = when did it first appear above ground, when were 
t leaves seen, when was it knee-high and waist-high, 
when did ears first appear, silking, tasseling, when in . 
dough, and early roasting-ear stages, when mature? 
Are there any answers to these important questions? 
Maybe, locally, at certain experiment stations or elsewhere, 
but are these records continuous for the same crop under 
the same cultural practices for 25 years, or more? | 
The problem at present is to account for the 40 per cent 
divergence between the predicted. and actual yields. 
Assuming we have carried our study to the 0.90 coefficient 
mark, and that phenological data in sufficient detail are 
available for 25 years, what about weather data in corres- 
ponding detail?’ These should be available for at least 
the neighborhood of the growing crops. At most State 
experiment stations, unless unusually well equipped, there 
are maximum and minimum thermometers and a rain 
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ssuing office and then the 
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gage, These are read at about’4 p: m. m. and the 
maximum and minimum temperature, set maximum 
temperature, and ‘total rainfall entered on forms. Where 
are the details?’ How much sunshine, what was soil 
temperature, when did rain occur, how long were tempera- 
tures above or below a significant value, what was the 
relative humidity, rate of evaporation, etc.? 

_ Even if the above questions were satisfactorily answered 
how can we be’sure that we have everything we need? 
Maybe we need leaf temperature, intensity of solar radia- 
tion, plant transpiration, moisture of the soil at different 
depths, and many other details too numerous to mention. 


CONCLUSION 


_ Are we doing everything possible to facilitate the study 
of crop production in:its relation to the weather on a 
large scale, or even in local areas? . There have been some 
beginnings. Some phenological studies have been made 
here and there, notably those of Thomas Mikesell, but 
only in very localized sections. The State weather and 
crop service of,lowa is at present engaged in collection 
of phenological. data, but the: records are, still short. 
There are; at prey no known systematic researches 
being conducted of the direct relation. of weather to crops 
under field conditions, where detailed weather and crop 
data are collected, side by side. 
_ We breed high yielding corn, wheat, and oats, drought- 
resistant corn, rust-resistant, wheat, etc., but too little is 
known of the effect of weather on crops in their various 
stages of development... We know hot, dry weather hurts 
wheat at heading time and corn when tasseling and some 
other. generalizations, but that. largely comprises the 
extent of our knowledge at present. 

To enable us to know just how the weather is affecting 
a crop at any time, to forecast crops accurately, and to 
practice agricultural meteorology as a science and not as 
an art, we need accurate and comparable data of weather 
and of sop progress, with the details of various weather 
phases and of crop development from planting to harvest 
accurately observed and recorded on the ground. 


DIE DREIDIMENSIONAL VERKNUPFENDE 
WETTERANALYSE' 


By 


 Translator’s note.—This large and important work of 
110 pages (31 by 23 centimeters) with 6 plates and 25 
davon written Doctor Bergeron of the Norwegian 
eteorological Office at Oslo constitutes the most import- 
ant recent summary of the technique of the Norwegian 
- Due Jargely ‘to absence of definite guidance on 
how to locate ‘‘fronts’’ on the weather map, considerable 
misunderstanding of ;polar front methods has. arisen. 
Prof. J. Bjerkness’s memoir ? on Practical. Examples of 
Polar Front. Analysis, written in 1926, deals with specific 
cases of fronts passing over the British Isles, whereas 
Doctor. Bergeron discusses the general. principles: of 
funtology equally applicable to Kurope and to: North 


The following illuminating review by Doctor Berge- 
Ton’s colleague indicates. ‘the field covered Doctor 
Bergeron’s extremely valuable and suggestive “book 
which is marred for English readers by an involved 
style of sentence structure: agorb Io 


Bergeron, Usher dle Dreidemensional Verkulptande, Wotters 
Pub., Oslo, vol. 5, No. 6, 1028. W 
hysical Memoir No. 50, British Meteorological Office, London, 1930. 
75537—31 


, [Translated from German text by Andrew Thomson] 


- This work gives the first systematic exposition of the 
analytical» methods of the so-called Bergen School of 
Meteorolo It discusses the existen¢e and formation 
of ee erical air masses and air separations, as well 
as their decisive*importance for weather. Until further 
empirical investigations have been carried out the results 
hold only during the winter season, over North America, 
north Atlantic,.and western Europe. 

_ The author first attacks the view which has often been 
advocated that the chief seat of pressure variations and 
weather changes may be sought in the substratosphere. 
He brings forward various plausible reasons for believing 
that the extratropical, transformations of energy have 
their seat caicatially in the troposphere and even in its 
lower half... There the! weather actually displays itself. 
ooThe study»of; the structure of the) troposphere is thus 
of: fundamental importance: Already before the work 
of the Bergen meteorologists, various investigators had 
deserted pure isobaric geometry and realized there was a 
battle between air masses. But none of them was lead 
from their theoretical considerations to the daily weather 
map and no one realized that the boundary surfaces 
were entities of which the properties and dynamics 
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could be studied. This was first done in the works of 
J. Bjerknes and H. Solberg. j 

The complete 3-dimensional weather analysis can be 
attained only by the utilization of the inner connections 
which exist between the fields of the meteorologist. ele- 
ments and between their singularities. Two-dimensional 
fields may be constructed from the ordinary continuously 
recorded data, but one must consider that the local and 
individual derivatives of the elements, without further 
information, can not be interchanged. The registrations 
show in addition that linear interpolation between adja- 
cent air particles can be employed only within a homo- 
genous air mass. With the passing of a front, linear 
interpolations can be employed no longer. 


The analysis should be based only on representative 
observations. Representative temperature data should 
fulfill the condition that the mean vertical temperature 
gradient has approached already its characteristic value 
in the free air for the air mass under consideration. Fre- 
quently nonadiabatic influences disturb the temperatures 
at the earth’s surface, so that they cease to be representa- 
tive. Already in 1919 the Bergen school had adopted 
the view that temperatures of the free air and of mountain 
peaks should have special weight. 


If the source and path of an air mass are known, then 
the internal changes during its transport can be estimated. 
Starting with the conditions in the area of origin one can 
judge the value of the characteristics of the alr mass and 
of their height distribution along its path. In the first 
place, the approximately conservative properties must be 
considered; that is, those properties of which the intensity 
in any individual element of mass remain practically 
constant. Certain thermal and chemical properties 
belong to these classes. 


Potential temperature and vertical temperature gra- 
dient are, with certain reservations, conservative. Ad- 
mixtures of suspensions of particles so fine that they take 
pa almost completely in the air movement presumably 

elong to the conservative chemical properties. These 
produce an opalescent turbidity of the air which has been 
investigated by the author at Swedish and Norwegian 
stations. Here the essential part of the pure opalescent 
turbidity arises out of desert or continental dust which 
has been transported northward from the subtropical 
high-pressure zone. 


The breaking up of the troposphere into great currents 
appears markedly in winter through the striking great- 
scale features of the pressure field. In these currents the 
air masses concerned will be subjected to two fundemen- 
tally different types of exterior influences. 


One mass which moves over the ocean toward an always 
increasing warmer understratum will increase its entropy. 
On the other hand, an air mass which goes over the ocean 
with ever colder surface temperatures loses entropy. Thus 
two chief types of air mass are probable, which are desig- 
nated by the terms ‘‘cold-air mass’’ and ‘‘warm-air mass.” 
Of these chief types, “polar air’ and “tropical air” are 
the most important representatives. | 

The cold air mass will be formed mostly in polar areas 
and in winter generally in the continental anticyclones of 
higher latitudes. It is in its area of origin, cold, dry, and 
especially at lower levels stabile. It moves in general 
Equatorward so that the difference between air tempera- 
ture and sea temperature is negative. The entropy 
supply exerts its greatest effects on the lowest layers of 
the air, which experience an increase of potential tem- 
perature and of vertical temperature gradient. 


rience has shown that after the cold air mass has 
traveled for about 200 kilometers over distinctly warmer 
ocean it has already taken up sufficient moisture that its 
humid air content is brought over the condensation level, 


Cu-Nb clouds with anvil form and even slight precipita. 


tion occur. On account of lively up and down move- 
ments definite clearings and pieces of clear sky may be 
observed. - Because of the great turbulence any fog which 
happened to be present can only persist in small zones 
where it appears below a temporary calm. The system 
of hydrometeors can be characterized as belonging to 
shower air. 

The warm air mass is usually generated in the oceanic 
highs of the Tropics and in summer over every great 
snow-free and ice-free land surface. It is in its area of 
origin warm—in the case of continental air also dry—and 
stratified approximately according to its radiation equi- 
librium. On the average it moves poleward so that the 
difference in temperature of the air and the land or ocean 
over which it travels is positive or zero. The entrop 
losses affect most strongly the lowest layers, whic: 
experience a reduction of vertical temperature gradient, 
The upward transport of humidity will be a minimum 


-and the slight heat transport will be directed downward. 


The potential temperature will exhibit slight change. 

Various cooling effects give rise to ee cloud and 
to fog, which on account of the small convection ists 
without dissipation. The warm air mass exhibits per- 
vading bad visibility because of the tendency for fog 
formation. The system of hydrometeors can be charac- 
terized as belonging to drizzle air. 

The direct empirical grounds for the properties of the 
air masses described can be supplied only through ex- 
haustive synoptical research. This will be the work of 
the second part. Part I already deals statistically with 
the relation between the probable air masses and the 
difference between air and sea temperatures, vertical 
temperature gradient, and hydrometeors. 

The temperature difference is from the 
data of Dutch lightships and the dependence on origin 
of air mass confirmed. 

The serological airplane ascents at Berck, near Bou- 
logne, 1918-19, give good reasons for believing that shower 
air and drizzle air are of fundamentally different struc- 
ture. For the same surface oer an a there was a 
temperature difference of 9° C. of the two masses at 3 
kilometers height. In drizzle air the chief condensation 
pe was about 1 kilometer above the ground, above 
which the humidity fell rapidly. In shower air no sharply 
bounded chief layer of condensation existed, while above 
3 kilometers the relative humidity was distinctly greater 
than in drizzle air. 

Several observations in Berck sup the author’s 
theory that the coming together of thick and compact 
water clouds with layers of permanent ice crystals is, 
except for drizzle, a chief source for all usual precipitation. 

Conclusions may be deduced from the kind of hydro- 
meteor regarding the af aaa and dynamics 
of the classified air mass. In the author’s opinion the 
following threefold grouping of hydrometeors recom- 
mends itself for adoption in international observation 
Ord (enow)—ither ordinary raindrops 

1 inary rain (snow)—KEither ordi rain 
(snowflakes) or scanty fine droplets. 

(2) Drizzle—Exclusively very fine droplets with great 
number of setae? unit volume. 

(3) Showe harp intermittency of precipitation and 
medium cloud cover. 
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_ From a consideration of the mode of formation of cold 
air and warm air masses it could be expected that a posi- 
tive difference between air-and sea temperatures corre- 
nds to drizzle and a negative difference to shower air. 

he author has investigated this rule from 620 observa- 
tions taken at Thorshavn'and found: that the rule holds 
d without: exception for differences greater than 0.5° 
‘For smaller differences: no definite contradiction 
could be established. It» thus follows that accurate 
measurements of air and sea temperatures at all inter- 
national island and ship stations and their report to 1/10° 
C. or 1/5° F. have great importance for practical weather 


alysis. 
7 The investigations of the author on horizontal visibil- 
ity in Seandinavia confirmed the hypothesis that the 
opalescent turbidity of the warm air mass is notably 
greater than of the cold air mass. ihiw iad 
From a'preyious work: of the author (Wellen und Wir- 
bel, Leipzig, 1924) it is known that, surfaces of equal 
| (isentropic surfaces) of the cold mass are inclined 
upward toward the pole, while in. the warm air mass 
they are almost horizontal. Thus is follows, as is later 
discussed in ‘detail; that the cold» mass easily becomes 
heterogeneous while the ‘warm air mass with horizontal 
isentropic surfaces is. among, the most homogeneous 
masses of the atmosphere. | | 
_ By means of aerological data from Holland and Spieg- 
litzer, Schneeberg, the existence of at least two separate 
air masses is statistically indicated. The potential tem- 
perature has at any level; two pronounced. frequency 
maxima which correspond to polar air and tropical air... 
When two air masses each uniformly homogeneous 
approach each other nearer than about 1,000 kilometers, 
e area between them no longer fulfills the conditions of a 
homogeneous air mass. A frontal zone occurs which can 
gradually sharpen to. a front. Fronts are narrow inclined 
transition zones of the same vertical extent. as the air 
masses. It is essential that the difference of the values 
on both sides of the front of at least one of the independent 
elements (temperature, pressure, wind, humidity) is so 
= that it has an appreciable effect on the great scale 
ynamics (of the air mass): 
_ In the troposphere, fronts are continuously produced 
and destroyed. The author has called these processes 
frontogenesis and frontolysis. Kinematic frontogenesis 
consists in the coming together of the equiscalar surfaces 
of an element through the motion of the individual 
In dealing with air masses which are not too’ extended 
the field of movement can be treated as) linear: The 
movement itself may be resolved into four partial fields 
consis of a translation, a rotation, an expansion; and a 
deformation. Only through the deformation movement 
can two particles essentially approach or separate from 
one another. niles 
_, As no essential change of volume can occur, a deforma- 
tion is bag ay either as an extension along the prin- 
cipal axis and a contraction along both secondary axis or 
as a contraction along the peisigpel axis’ and an exten- 
sion along the secondary axis. Material particles which 
at one time form a plane surface will always form a plane 


surface which during movement. alter only their orienta- 


tion and their distance) from the field’s center.,.In. a 

2-dimensional field the surfaces rotate so that they. will 

ew be perpendicular to the.axis of greatest, con- 
action. 

_ A symmetrical deformation field with vertical axis 

produces the following effects—the extension of the prin- 
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al axis causes dissolution of horizontal inversion zones 

while contraction brings sharpening. 
-\ A 2-dimensional half deformation field with one hori- 
zontal axis and an axis directed obliquely upward causes 
fron esis and dissolution of inversions. Contraction 
along the horizontal axis causes frontolysis, while expan- 
sion) causes\inversion, formation. 
The; choice of, entropy surfaces as equiscalar surfaces 
esupposes advective  frontogenesis. .Thus from the 
eae! a the entropy surfaces are inclined and advection 
comprises a permanent deformation-field of which the 
axis of contraction can not be directly vertical. . It thus 
follows, as has. been previously pointed out, that in the 
warm air mass where the isentropic surfaces are almost 
horizontal almost. no frontogenesis occurs; in the cold 
mass where they are somewhat inclined, weak fronto- 
acieed and in frontal zonés where they are considerably 
clined there is effective frontogenesis. 

The general circulation of the earth’s atmosphere is 
divided into several partial circulations. .They can be 
considered as a system..of vertical wheels and of hori- 
zontal .. wheels, e hyperbolic. points between the 
wheels. are the centers of the deformation fields in the 
foregoing sense. Frontogenesis.and frontolysis develop 
in the areas between the parts of the general circulation. 
The. effect. of the vertical wheels and horizontal wheels 
will alternately strengthen and oppose each other. | 
_ When the general circulation works frontogenetically, 
areas occur where by preference fronts are formed. The 
favored frontal zones rum east and west. In the inter- 
mediate zone where the vertical opposes the horizontal 
circulation; the resulting. effect be mostly fronto- 
lysis so that the; air nsnener between pole Equator 
can. go on unhindered... . 

Doctor Bergeron’s: book is conceived as the principle 
introduction to the problem of air masses and front- 
formation. The use of the results for the 
relations actually occurring in the troposphere be 
shown in Part The wish may be expressed that we 
may not need to wait long for this continuation. 


ON PERIODICITY IN| SERIES OF RELATED TERMS! 
Stir Gitsert Watxer, F. R. 8. 
SUMMARY 

. In 1927; Yule developed the idea that a series of num- 
bers u;,%2, . . . , U, expressing the condition of a physical 
system, such. as successive annual sun-spot numbers, 
might be regarded as due to a series of accidental disturb- 
ances from outside operating on some dynamical system 
with a period or periods of its own, probably subject to 
Seeaping, The consequent oscillations would vary both 
in amplitude and in period. In this paper it is shown 
that if Yule’s equation defining the relationship between 
successive undisturbed terms of the w series is 


then, provided n is large, a similar equation holds very 
approximately between successive values of 7,, the cor- 
relation coefficient between terms of w separated by p 


4 On periodicities in series of related terms, Proc. Roy. Soc. Series A, vol. 131, No. 818, 


5 
mm The subject is treated from the mathematical viewpoint and since no one’s views are 
entitled to consideration than those of Sir Gilbert we print in his own words the 
summary of his conclusions.—Ep. 
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Thus the graph ing ther ,’s, which is much smoother 
than that of the w’s, may be used to read off the character 
of the natural periods of the w’s; further various relation- 
ships are found between the amplitude of the correspond- 
ing terms in the Fourier periods and those of the correla- 
tion coefficients. 
The analysis is illustrated by applying it to the quarterly 
values of pressure at Port Darwin, a key center of world 
weather, which proves to have a strong persistence and to 
show evidence of not very a developed periods of 
about 34% months and of about four times this length or 
11% years; the series of data is not long enough to settle 
whether the former oscillations are damped and are free 
oscillations, but the latter appear to be imposed from 
without and are presumably solar in origin. . 


WULF AND MELVIN ON THE EFFECT OF TEMPERATURE 
UPON THE ULTRA-VIOLET BAND SPECTRUM OF OZONE 
AND THE STRUCTURE OF THIS SPECTRUM 


The ultra-violet absorption of ozone in the region 
3400-2300 A consists of a large number of bands appear- 
ing against a background of continuous et go The 
effect of temperature upon this spectrum has been studied 
over the range —78° to 250°C. A definite though small 
effect has been observed. Grossly it manifests itself as 
an increase in contrast with decreasing temperature. 
Photometric results show this to be chiefly a decrease in 
absorption between the band edges, all of the bands 
appearing to come from normal vibrational levels of very 
low if not the lowest energy. Though somewhat diffuse 
the bands tend to degrade to the red. The observ 
influence of temperature can be explained as the decrease 
of ago | in the higher rotational absorption of the 
bands, and possibly also in the continuous Wedkerteuindl 
with decreasing temperature. Discontinuities in the 
intensity relations and the regular spacing of certain of 
the bands have led to a partial vibrational analysis indi- 
cating two active vibrational degrées of freedom in the 
excited electronic state. The observed change in the 
absorption with temperature may effect somewhat the 
estimates which have been made of the amount of ozone 
existing in the upper atmosphere.—(Bulletin of the 
American Physical Societ y, Program of the Washington 
Meeting, April 16, 1981, volume 6, No. 2, page 42.) 


FATHER E. GHERZI, S. J.. ON THE WINDS AND UPPER 
AIR CURRENTS ALONG THE CHINA COAST AND IN 
THE YANGTSE VALLEY! . 


The publication under review comes from the well 
known observatory of Zi-Ka-Wei, near Shanghai, organ- 
ized more than half a century ago and operated in the 
interest of meteorology with special pppsceron to storm 
warnings for navigators of the adjacent seas. The 
present publication has its special appeal to navigators 
of the air in the Far East, 

The upper air data available to Father Gherzi are far 
too few to afford definite reuslts; nevertheless those at 
hand in connection with the movement of the clouds and 
the surface winds, statistics of which are abundant, enable 
the author to present a picture of free air conditions that 
is of much value in air navigation. 

His pilot-balloon material consists of ascents made at 
Chefoo by the U.S. S. Jason in May, June, July, August, 
and September, 1928; pilot-balloon ascents were also 
contributed by H. M. 8. Argus at Shanghai made in 
October, November, and December, a few ascents in 


and upper air currents along the China coast and in the Yangtse Valley 


1 The winds air 
Zi-Ka-Wei Observatory, Shanghai, 1931. 


Juuy, 1931 


each month. ‘These ascents though few in number serve 
to indicate the direction and force of the winter monsoon 
winds along the China coast. As might be expected 
these winds are due essentially to the presence and the 
intensity of the so-called Siberian cold season anticyclone; 
the center of which may be over the Province of Shantung 
in China, rather than in Siberia. Father Gherzi con- 
cludes that for winter monsoon days the winds aloft 
back with increase in altitude above the surface: Data 
for the summer monsoon are much too few to it the 
drawing of definite conclusions. Conditions during the 
summer Monsoon are much less ready than during the 
winter monsoon. 

The statistical data of surface winds are given in very 
pe deatil for a number of stations on the China coast. 

he 240 quarto pages comprised in the report are mostly 
taken up with data of cloud movement and ‘surface air 
movement printed in detail for a number of ‘years of 
record. Appropriate charts and diagrams add to the 
interpretation of the statistics. The price of the work 
is $4.50.—A. J. Henry. 


RESULTS OF RAINFALL OBSERVATIONS IN WESTERN 
AUSTRALIA! 


The present volume is the fifth of a series ee by 
the bureau. Volumes for Victoria (1910), N. S. Wales 
Island and South Pacific (1913), South 
and North Australia (1917) have already been published. 
The last volume, discussing Tasmania, is under prepara- 
tion. As soon as the series is completed supplementary 
Mic are to be published to bring the early issues up 

ate. 


The present volume contains a concise history of the 
rainfall and weather of western Australia, from the time 
records began up to the end of 1927. A few of the records 
go back as far as 1877 and even earlier. The number of 
stations is 1,374. 


The work contains a written tabular history of rainfall 
by months from 1877 to 1926; a short note on the climate 
of western Australia; a discussion of the relationshi 
between wheat yield and rainfall; a record of notable 
meteorological events in the State, e. g., aurore australis, 
bush fires, earthquakes, floods, etc. These occupy half 
of the volume. The second part of the volume contains 
the annual rainfall data of all stations in western Australia. 
At the end of the volume annual rainfall maps for western 
Australia from 1886 to 1927 are published, and. also a 
revised annual rainfall map of Australia. 

This publication is valuable to all those interested in 
the climate of western Australia, but especially to agri- 
culturists and sailors. It lacks a thorough discussion 
of the rainfall and weather but it is an excellent source 
book containing the available data and written history of 
the weather in western Australia. Especially valuable 
are the numerous maps and charts included in the 387 
pages of text.—Sigismond R. Diettrich. ; id 


PROF. ALEXANDER McADIE RETIRES FROM BLUE HILL 
OBSERVATORY 


_ After ‘sabbatical leave for the ‘first semester of the 
coming ‘academic year, Alexander McAdie, Abbot 
Lawrence’ Rotch professor of meteorology, H r 
University, and director of Blue Hill Observatory, will 
become professor emeritus. 


4 Results of rainfall observations made in western A Commonwealth of Aus- 
Bureau of under the direction of H. A. Hunt, Commonwealth 
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Juny, 1931. 


In recognition of long ed service 
and his notable contributions to man’s knowledge and 
understanding of the weather, a dinner was given Professor 
MeAdie on June 11 by the Harvard visiting committee to 


Blue Hill Observatory; and a silver bowl was presented 
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to him and Mrs. McAdie as a token of the committee’s 
affection. Professor and Mrs’ McAdie will make their 
home at Hampton, Va.—(Bulletin American Meteorolo- 
gical Society August-September, 1931, p. 158.) 
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SOLAR RADIATION MEASUREMENTS DURING JULY, 1931 
By Herpert H. Solar Radiation Investigations 


For a descetiption of instruments employed and their 
exposures, the reader is referred to the January, 1931, 

Table 1 shows that solar radiation intensities averaged 
above the normal intensities for July at Madison, and 
close to the July normals at Washington and Lincoln. — 

Table 2 shows an excess in the total radiation received 
on a horizontal ‘surface as compared with the normal 
amounts for July at Madison and Fresno, and a defi+ 
ciency ro all other stations for which normals have been 
compu 


Skylight larization measurements obtained on 8: 
ys at Madison, give a mean of 60 per cent with a maxi- 


mum of 70 per cent on the 24th. At Washington, 
Measurements obtained on 4 days give a mean of 53 per 
cent, with a maximum of 58 per cent.on the 27th. » These 


stations. 


are close to the corresponding July averages for both 


C. TALMAN, in charge of Library 
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SOLAR. OBSERVATIONS | 


TaBLe 1.—Solar radiation intensities during July, 1931 
[Gram-ealories per minute per square centimeter of normal surface) 
Washington, D. C. 


Sun’s zenith distance 

a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 0.0° | 60.0° | 70.7° | 75.7° | 78.7° | Noon 
Date J. Air mass Local 

75th : tigen 

mer. solar 

time aM P.M time 

e. 56.0 30 | 20 1110) 20 | 30 | 40 | 50) 
mm,| cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | cal. | mm. 
July 8 17. 37) 18. 59 
July 11 14, } 0.78) 0. 10. 97 
July 14......-.. 19, & 20. 57 
July 15.. 17. 17. 

22. 13. 61\.. 1. 13. 13 
July 13. 61 0. 0.99) 1.17 -| 13.61 
July 25. 18. 13) 0. 76; 0. lL 8. 81 
Jaly 27......... 16. 79)...... 0, 63} 0. 11 10. 97 
July 28 18. 0. 1. 14)... ---| 14.60 
July 29 19. 4. 60 
Means. (0.63)} 0. 0.90) 1.21 
partures... 04/-+-0, 02|+-0, 00/-++0. 


) 
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7 gi 
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TaBLE 1.—Solar radiation intensities suring Positions and areas of sun spots—Continued 
; Eastern Heliographic Area Total 
Date ard civil pie. Lang] Lati ona 
Spot | Group! 
Sang 8.a.m.| 78.7° | 75.7° | 70.7° | 60.0° | 6.0° | 60.0°| 70.7° | 75.7° | 78.7° | Noon ong tude vad : 
Date Air mass Loca 1931 h ™ 
75th July 5 (Naval Observatory)......| 10 48| —3.0| 70.5 | +5.0 31 
| time A.M P.M July 6 val Observatory) 13 22 3 
time +4.0| 628) +9.0 31 m 
+27.0| 85.8 | +5.0 96 sh 
July 7 (Naval Observatory)......| 11 2 |—62:0| 344.9 |+-21.0 62 
—39.5| 7.4| 93 ne 
July 8 (Naval Observatory) ll 3.0 315.6 ai 
750.0 | 348.6 |—22.0 | ai R 
Jaly 6...--+----| 12. 24).._- 10.51 —25.0} 86) 308 
‘July 9 (Perkins Observatory) 13 90 [88.0 | | 100 
| —79.0 | 300.0! 93 te 
729 —29.0 | 350.0 |-11.0| 9% 286 
787 July 10 (Naval Observatory) 16 32 |—50.0 | 814.2 |+21.5 
16.79 —21.0 | 343.2 121.0) 16 lig 
17.37 —8.0 | 356.2 |~19.0 15 
9. 83 19.5} 13.6) —8.0 15 52 se 
6.76 July 12(Mount Wilson)..........| 11 50 316.3 |-120| 18 
9.83 —8.0 | 332.3) 45.0) 
+15.0 | 355.3 |—19.0 D 
+33.0| 13.3 | —80 
July 13 (Naval Observatory)... 10 58 |—10.5 | 317.0 |—12.0 9 sie 
—0.1 | 327.4/| +0.5| 3 h 
+4.0 | 331.5 |+15.0 
4+-25.0 | 352.5 |+17.0| 3 
+30.0 | 357.5 6 
17.37 449.0} 16.5) —7.5| 6 30 hi 
— 0. 17. 37 —46.0 | 267.9|+17.0| 3 
uly 20.. 11. 38 +4.5 | 318.4 |—12.0 9 
July 21 12. 0. 11. 38 +7.5 | 3 
July 10. 0. 84} 0. | 9. +43.0 | 356.9 /-19.5| 3 
July 25....----- 12. 0.77| 0. 12 24 465.0) 6 30 
July 27 19. 0.73} 0. 17.96 15 (Naval Observatory) 10 53 288.1 3 
—0. 04/—0. +16.0 | 317.1| 49.5| 3 
4+18.0| 319.1 9 i8 
(direct diffuse) received on a July 18 (Neva Observatory)...1 10 32| No spots 
square av atory)_.... b 18 
AVERAGE DAILY TO y av atory).... —49.5.| 158.9 | +8.0 |-.-..- 
July 23 (Naval Observatory).-...| 10 56 |~33.0| 162.2 
Week begin- “| —0.5 | 194.7 |423.0 2. 49 
ning— July 24 (Naval Observatory) ....- 13 48 |~19.5 | 160.9 15 
| July 25 (Naval Observatory) 10 40| Nospots 
y av: rva ey. —62. 
+40.0 | 169.2) 15 7 5, 
1931 eal. | cal. | cal.| cal. cal, cal. July 29 (Naval Observatory) 10 50 |—43.0| 72.9 |+120 
418) 507 403 —38.0| 77.9) +7.0 
475| 542 549 272 +59.0/ 174.9) —7.0| 6 52 
July 16..-.----- 444 527 349 30 (Naval Observatory)..._. 10 36°|—25.0| 77.8] +8.0 108 |_..... 
583| 574) 607 79 —18.0| 848| —6.0 62| 170 
July 31 (Naval Observatory) 10 50 |-11.0| +7.0|...... 
July +46) "PROVISIONAL SUN-SPOT RELATIVE NUMBERS FOR JULY, 
uly 16... — “4931 
Accamiiated ey Ai (Data furnished through the courtesy of Prof. W. Brunner, University of Zurich 
July 29 1981 8 
1981 | ‘numbers || 1081 | numbers || 
POSITIONS AND AREAS OF SUN SPOTS alle 22.4 Ec 7 
(Communicated by Capt. J. F. Hellweg, Superintendent United States Naval Observa- 10 3 
tory. Data furnished by Naval Observatory, in cooperation with Harvard, Yerkes, 3 23 || 18 30 || 23 é 
Perkins, and Mount Wilson observatories. ‘The differences of longitude are measured 5, 
from central meridian, positive west. The north latitudes are plus. Areas are cor- 19 23 || 8 
apna n an ven for ay column 
6.-....- 16 | 16-20... J om 
Date ard civil for M 28 ial Ec 
long. | tude | tude | SP% Group) day 48 || 20 0 || 30 
July 1 (Naval Observatory)... 10 154 |... Mean: 30 days= 16.7. 
—42.0 84.4 |-10.0) Passage 
4 (Mount Wilson). 12-48-18 0| Souter of wctiviey: on: the part of the’sun’s 
0.0) 85.6) “64 = Entrance of a or average-sized center of activity on the east limb. 
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WEATHER IN THE UNITED STATES 


THE WEATHER ELEMENTS 
[Climatological Division, Oliver L. Fassig in Charge] 


By H. C. Hunter 
GENERAL SUMMARY 


In practically all sections July was hotter than normal. 
The heat was comparatively steady in the majority of 
States, though several north-central stations set new high- 
temperature marks during the closing week. As a whole, 
the month was the hottest July ever recorded in most of 
the far Southwest and in portions of the Atlantic States; 
but the central area, while showing a large excess, failed 
to equal its earlier record. 

The rainfall was irregular as to distribution, even 
within comparatively small areas. Usually there was 
more than normal ame the Carolinas northward and 
northeastward, and along the Canadian boundary from 
Minnesota to Montana. Near the central and west Gulf 
coast there were some districts where marked shortages 
occurred, but amounts above normal were the rule, and 
several areas received quantities twice or thrice as great 
as normal. Deficient precipitation was the prevailing 
condition in the heart of the country and west of the 
Rocky Mountains. Most reports indicate numerous 
thunderstorms, abundant sunshine, and low relative 
humidity. 

TEMPERATURE 

The opening week of July was mainly hotter than nor- 
mal, especially in the Lake region and the southeastern 
portion of the country, but about the 3d cool weather set 
in over the Missouri Valley, continuing until the 9th. 
After several days with temperature conditions showing 
no notable departures, high temperatures set in about 
the 14th to 16th over the Missouri and upper Mississippi 
Valleys and the Lake region, continuing without note- 
worthy break for the remainder of the month. The final 
decade was marked by considerable excess of temperature 
in the western and central thirds of the country and in the 
Northeast. 

As a whole, July was at least as hot as normal in 04 
State. In California and the Plateau region the mont. 
averaged about 5° to 7° hotter than normal, many sta- 
tions in California and the western portions of Arizona 
and Nevada reporting it the hottest month of record. 
The departures of the mean temperature from the normal 
are shown on Chart I. As may be seen from that chart 
in the middle Rocky Mountain region and the middle 
and lower portions of the Missour Valley, and thence 
eastward almost to the Atlantic coast, the month aver- 
aged usually 2° to 6° hotter than normal, and there was 
a like excess in the southern Appalachian region, where 
several stations noted that the mean temperature was 

igher than ever before in July. 

n the lower Mississippi Valley the month was prac- 
tically normal in its average temperature, and the same 
was true of Texas as a whole, but western and southwest- 
ern Texas averaged more than 1° cooler than normal. 

Except in New England and Delaware, temperatures 
exceeding 100° were noted in every State. In Missouri, 
Minnesota, and Kansas, also all northern States from 
Nebraska and the Dakotas westward, and all Plateau 
and Pacific States there were readings of 110° or higher. 
The very highest temperature reported was 126° in 
southeastern California, while east of the Rocky Moun- 
tains 116° was noted at Redfield, S. Dak. The various 
States noted their highest. temperatures usually during 
the first five days or between the 20th and the 29th. 


The lowest. temperature marks of the States were fre- 
quently in the 40’s, but were higher in the Gulf and some 
of the least mountainots Atlantic States, while lower in 
the upper Lakes. States, the northern Plains, the Rocky 
Mountain States, and the far West. .The very lowest 
pie was 20° at three elevated stations in Colorado. 
The various low marks were noted chiefly between the 5th 
and the 12th. 

PRECIPITATION 


The inset on Chart V shows the departure of precipita- 
tion from normal. 

The opening week of July brought much needed rains 
in many portions, especially Montana, North Dakota 
the middle Plains, and from the central valleys eastward 
to the Carolina and Virginia coast. The succeeding week 
was mainly less rainy, but considerable parts of North 
Dakota, the upper Mississippi Valley, the southern 
Plains, and the Atlantic States had ample rainfall. 
Nearly all the Gulf coast districts received liberal amounts 
during the third week, as did the western half of the cotton 
region and the majority of States from Tennessee and 
North Carolina northward and northeastward. The 
final decade was marked by absence of substantial rains 
in most of the lower Missouri and upper Mississippi 
Valleys, and near Lakes Michigan and Superior; but, on 
the other hand, large parts of Arkansas, Mississippi, and 
Georgia, and of the u per Ohio Valley and northern New 
York and New England had abundant rains, and the 
last few days saw much rainfall over the Rock Mountain 
and eastern Plateau regions, several portions of the 
Plains, and the west Gulf coast region. 

The prenpiagon of July, as a whole, was compara- 
tively well distributed and rather near to normal, for a 
summer month, this situation being more favorable than 
in almost any preceding summer month for several years. 
This was particularly true of the States which are situated 
east of the Plains, and wholly or largely south of the 
fortieth parallel of latitude, every one of these averaging 
at least 3 inches of rainfall and all save two having fully 
two-thirds of an inch at the stations reporting the least 
amounts. Mississippi received, on the average, almost 9 
inches, and that State, with western Alabama and east- 
ern Arkansas, had much greater rainfall than normal. 
Rainfall slightly above normal was the rule from the 
southern Appalachians and eastern South Carolina north- 
ward and northeastward, save that eastern New Jersey 
and southern NewEngland fell short of normal. Usually 
there was more than normal from central Montana 
eastward over North Dakota to northwestern Minnesota 
also from Montana southward to eastern Arizona, and 
in the central and southern portions of Texas. 

_ There was usually considerably Jess rain than normal 
in the eastern portions of Florida and Georgia, the lower 
Ohio Valley, northern Ohio and adjacent parts of Michi- 
gan and Indiana, and southeastern Kansas and central 
Oklahoma. While there was considerable i arity as 
to quantities received, there was mainly a decided short- 

e from northeastern Missouri northward to the vicinity 
of western Lake — and northwestward to beyond 
the Black Hills. The southwestern Plains and the 


eastern and central parts of New Mexico had moderate 
shortages, likewise southwestern. Arizona, and _prac- 
tically all of Nevada, central and western Idaho, aatt the 
Pacific Northwest. 

In Montana, as a whole, this was the first month to 
show more precipitation than normal since October 
1930; in Alabama and Mississippi, since November; an 
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in Oklahoma, Texas, and Arkansas, since March of the 
ear. 

The largest monthly amount reported by any one 
station in the United States p Lay «rd was 25.10 inches at 
Seven Hills, in Mobile County, 


‘SUNSHINE AND RELATIVE HUMIDITY 


The sunshine was of more than usual quantity during 
July in nearly all sections, even in most areas where the 
precipitation was in th fer The amount of sunshine was 
particularly — in far Northwest and the upper 


ississippi Valley; elsewhere it was usually equal to or 
pr 3 y more than normal, but some portions of the 
central and eastern Lake region, the Ohio Valley and the 
Rio Grande Valley had less sunshine than normal. 

The relative humidity was above normal in much of 
the Middle Atlantic and New England area, and often 
near the east Gulf coast and near the Rio Grande. Prac- 
tically all other districts had less humidity than normal, 
the shortage being large in the middle and northern 

portions of the Plateau and Rocky Mountain regions, 
in ib mows of the Plains and in the upper Mississippi Valley. 


SEVERE LOCAL STORMS, JULY, 1931 


[The table herewith contains such data as have been received concerning severe local storms that occurredduring the month. A more complete statement will appear in the Annual 
Report of the Chief of Bureau] 
Place Date Tim ty of bine Character of storm Remarks Authority 
me y. 
life deat troyed 
Fort Wayne, Ind.......-.-. 1 | 12:25 p. m. $1, 700 | Thunderstorm....) Power lines damaged; traffic delayed; large | Official U. 8S. Weather 
company blown down; Bureau. 
naows bro 
Goff (near), Kans.........- 1 | 12:30 p. m-. 1, 500 |...... 4,000 | Tornado_-------- Chief dam o large barn and small om Do. 
long. 
Indiana} near), Ind.... lp. m..... near airport, no damage reported__.... Do. 
Danington, Wis, an and vi- 1 | 5:30 p. m.. 880 |.-.... 25, 000 |....- Character of damage not Do. 
Port Ari 1 78,000 | Thunderstorm. ...| Lightning caused explosion and fire on oil barge_- Do. 
Bradford, ‘Cumberland 300,000 | Severe thunder- | Many houses heavy crop damage...-. Do. 
caster, Lebano: P storm, wind and 
Dauphin Counties, hail. . 
Grundy 1/P.m 17,000 | Wind and hail_...{| Buildings and crops Do, 
ies, lowa. 
Tony (near), Wis_.......-- 1|P.m 8,000 | Tornado. Large barn destroyed and another Do. 
Aud ny (nee eleck Hawk, 1 Wind... ~ scauandie | Crops flattened; buildings damaged; a few po Do. 
Bremer, Carroll, Cerro blown down. 
Gordo, Clay, Greane, 
Guthrie, Hamilton, Han- 
cock, Harrison, Kossu 
oad 
owa. 
Beattle, Kans-......... 1 500 | Probably tornado.| Barns and fruit trees damaged Do. 
Indianapolis, Ind. .... As Thunderstorm. ...} 2 houses struck by lightning; number of Do. 
and light _ damaged or blown down. 
Pocahontas 1 65,000 | Hail...........---- | Chief damage to crops Do. 
n owa. 
— (central and Wind down or broken off; buildings Do. 
wes 
Moun 1 do. windows broken; trees, roofs, and Do. 
Pratt County, Kans.....--| 1 50, 000 badly twisted and blown down; minor Do. 
amage ui 
Beckemeyer and Posey, Il. 2) 4p.m.....| 4mi. i do. Homes, outbuildings, and trees damaged; crops Do. 
injured; path 10 miles long. 
Buffalo, N. Y., and vicin- 2.|--4 36, 000 do -| Bui dings, angar, and 5 planes damaged__...... Do. 
Memphis, Tenn., and. vi- 2 85,000 | Thunderstorm. ... Scpacinoon and business building severely Do. 
(near), Kans....- 2 §, 000}: Hail_.............. not reported; area about 5 Do. 
‘ uare m 
Tama C 2 2,000 | Wind............. bared and other small buildings damaged Do. 
Grand J 3 2 mi. 15,000 | Hail Damage chiefly to apples, melons, and tomatoes. Do. 
Sanders County, Mont..... Roofs, auto tops, ete., damaged Do. 
3 20,000 | Character of damage not reported.......... Do. 
wn 
Brown and Jackson Coun- 2:30-3p.m.|  3mi, 20,000 | Details not reported; path 10 miles Jong........- Do 
, Kans. 
Barber, Harper, Sumner, 4 | 2:30-3:20 Wind... ... seine | Chief damage at airport at Wichita; path 80 Do. 
Kingman, and & p. m. miles long. 
oun’ 
Rogers, Ark., and vicinity. 15,000 | Hail._..........-..| Character of damage not reported.........-....- Do. 
Webster, an 8 48, 000 | Hail and wind....| Considerable damage to buildings and crops...| Do. 
5 1-9 mi, 25, 000 | Hail Damage mainly to crops; path miles long. Do. 
Collin, H P.m 3,800 | Buildings unroofed Do. 
ond Story Counties, P. m. 40,000 | Hail..............| Considerable crop loss Do. 
Albuqueraue, N. Mex. (10 9 | 12:15 p. m.|. Probably tornado.| No details reported... Do. 
es 
Alliance, 9/23p.m...| 4mi Cfivetoc; path Do. 
ves m 
Jonesville, Va............-. 9 | 3:30p.m-..) 1.5 mi. 12,000 | Hail and rain. Crops ed; bulidings and bridges Do. 
damag: 
Benton, Buchanan, Dela- 9 iy Je. ee Crops total loss in some places; poultry killed... Do. 
Ware, Pebaqes, Frank- 
Mitchell, Polk, 
a Lowa. 
Peaneyivenis (north een- 9 vain and electri- | Cellars  Seoded; bridges washed away; heavy Do. 
northeas 
Waukesha County, Wis.... 10 5,000 |..... ‘ana chiefly to crops........... Do. 
Belleville to Cuba, Kans... | 5p. m...-- 2 mi. 8/000 | Hail and wind....| Trees build poles, and wires Blade Empire 


“Mi.” signifies miles instead of yards. 
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‘Ark., and vicin- 
Alexandria, La. (Camp 
Beauregard.) 


Frederick County, Md. 
(south-central). 
Shawnee, Okla. (8 miles 
northwest). 


Width of 
Place path, Character of storm Remarks 
yards ! 
Rydal and Norway to Clif- 15 mi. | a een Chief damage to farm buildings and trees; path | Official, U. 8. Weather Bu- 
ton and Greenleaf, Kans. 40 miles long. reau. 
Cleburne to Fostoria, Kans. | Barns and trees damaged. Do. 
to Mapletcn, Heavy crop damage Do. 
Hamilton, Harrison, Jas- do... Crops total loss in some localities.............-.. Do. 
per, Mills, and Pottawat- 
tamie Counties, Iowa. 
and Jefferson 3-4 mi. O05... Crops, windows and roofs damaged; poultry Do. 
P Wind and hail Cc buildings and cars damaged; li Do. 
Fremon age an ----| Crops beaten; cars ve- b 
Tana and Wayne Coun- stock killed. 
owa. 
Pa., and vi- Blectrical andrain.| Parts severely by water; dam- Do. 
age by pains n vicinity 
Alabama (southwestern) --- Rain and wind_._.} Bri Se large areas inundated; Do. 
c ecragieds hone lines out of com- 
mission; cro 
Moneta, V: 2severe hailstorms.| Character of not reported..............- Do. 
Winnebago 1, 760 Buildings dam silos wrecked.......... Do. 
Anne Arundel Yoanty, 880 Corn and tobacco Do. 
Md. (south vestern). 
ens Consty, Md. (north- 2.5 mi. do Crops, chiefly corn and tomatoes, damaged...... Do. 
Wind and elec- | Buildings damaged; trees suffered; telephones Do. 
trical. out of commission. 
Davidsonville, Md., and Wiibesccccslpises 2 barns and silo wrecked; many trees prostrated -_- Do. 
vicinity. 
Jenison, Mich Probably tornado, | 2 barns wrecked; grain crops leveled; many trees Do. 
wind and hail. uprooted. 
Rockpoint, Md. (north of) Considerable tobacco ruine4. Do. 
Phillips ‘Sheridan, and do. Extensive crop damage; much loss of livestock; Do. 
200-880 j.....-/ 300} Tornajo.......... Minor damage to buildings; trees blown down... Do. 
Richmond, Wind and electric.| Telephone service disrupted; trees injured-...... Do. 
Knoxville, Tenn.----..-.-.-.- Severe thunder- | Some sections ofcity flooded; pavements torn up; Do. 
some damage to buildings 
y 
Pittsb and| Many smal unroofed; trees uprooted... Do. 
wina, 
Washington County, Md 1, 760 Ry Windows shattered; roofs pierced; grapevines, Do. 
eastern). fruit and gardens in nay youd 10 miles. long. 
Chambersburg, Electrical and rain | Property d ch y flooding. .......... Do. 
Sheboygan, Thunderstorm and Trees uprooted; ulidings overturned; Do. 
other minor 
pane Hail and wind....| Crops ; minor damage to buildings.......... Do. 
owa. 
Johnson City (near), Tenn. Wind down at roadside fair; 8 persons Do. 
n 
Lésbon (near), Md.----..-.! 8, | Ellectrical._....... Barn and other outbuildings burned............ Do. 
Traverse City, Mich....... Wind squall. Blimp torn from mooring and damaged... ...... Do, 
Pana, Ill | RS, LER an Barn burned; corn leveled over considerable Do. 
area. 
Wayne, Winneshiek and 19 Wind, hail, and | Crops and buildings damaged; sewers flooded _. Do. 
Linn Counties, Iowa. 
Chicago, Ill. ......-- 19 Thunderstorm and flooded; traffic delayed; Do. 
Forestville and Sturgeon 19 Thunderstorm Chief to orchards. Do 
Bay, Wis., and vicinity. 
Brush, Hillrose, New Ray- 20 2-8 mi. Hail and wind....| Crops hurt; Gemtry and livestock killed; house Do. 
mer, and Snyder, Colo. wrecked, others damaged; light, genkey my 
and poles blown down. 
2 Electrical. .-....... soap factory set fire and 3 churches Do, 
Clint to Socorro, Tex......-. 2 1.5 mi. 25 to 50 per cent. Do. 
Winnsboro, 8. C........... 20 Electrical. ........ Building damaged Do, 
Marshall County, Ml 21 8 mi. Reet Heavy « crop loss; path 4 miles. Do. 
9 21 440 Tornad Buildings damaged; path 1.5 miles long Do, 
De ngs > Pato 1.o MNues iong......... 
Creek to Elm- 22 1, 760 Crops injured; path 5 miles long. ............... Do. 
ie, Kans. 
Catlin, Il., and vicinity... 22 4mi. loss to cro damage to Do. 
“*pullaings and property; path 8 miles 
Connecticut (northcen- 22 do... Do. 
Phillips and Roosevelt 22 Hail. ...-| Buildings and crops damaged; some loss of live- Do. 
Counties, Mont. stock. 
Calhoun, Jersey, Ma-,; 22-23 Hail, wind, and | Crops severely damaged: schoolhouse and barn Do. 
ae and Pike Coun- e ical. burned. 
and By- 23 3 mi. Heavy damage to field crops and buildings...... Do. 
Tron distric 
Ivy (2 miles 2 1,320 do. Fruit and corn injured... Do. 
23 Much injury to apple and peach crops. ......... Do, 
ounties. 
Snowflake to Taylor, Ariz_. 2 Wind and hail__._| Crops almost total loss Do. 
23-24 Do. 
Do. 
24 Do. 
Do. 
Do. 
Do. 
Do. 


1 "Mt" signifies miles instead of yards. 


Visleni dust 
whirl. 


Damage to power lines and equipment.......... 


Many windows broken; trees uprooted_......-. 

2 buildings wrecked, 1 moved from ome 
number of tents blown down; airplane de- 
molished; many persons inj injured. 

Windows and roofs pierced; sti fruit 
injured; trees uprooted; = 

Damage confined to a few farms 


Character of damage not reported 


Lambing shed wrecked 
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Severe local storms, July, 1981—Continued 
Width of| Loss| Value of 
Place Date Time th, of Character of storm 

Tuckerton, 4 $15,000 | Electrical. ........| No details reported Official, U. 8S. Weather Bu- 
reau. 
Maxwell (near), N. Mex... 25 3 mi. 8,000) Crops hurt; path 8 miles_. 
Middle, Hope ‘and 27 5:45 p.m..| 1, 320 2, 000 Wind Squall De. 
Moorhead, "Minn, to 27 L 12,000 | Wind and hail....| Crops and buildings damaged Do. 
Ganado to Fort Defiance, 28/6p.m...... 4mi.| 3] 275,000] Hailand rain_....| Severe loss to crops and stock; buildings and Do. 

Z. irrigation dam damaged. 
Bernville, Pa............-.. 29 10,000 | Electrical. ........ No details reported Do. 
Winooski 29 Wind and ~ weak buildings blown down; crops Do. 
urt. 

Lindrith, N. Mex.__........ 30 Hail and rain--_... Corn and bean crops considerably damaged... Do, 
Milnes Saline Coun- 31}23p.m.... 2mi. |...... 10, 000 |..... Damage to at 50 per cent in Do. 
Dallas County, Iowa......- 81 | 2:30 p, 4,100 | Wind and hail_.__ Buildings and oon p Do. 
Harmony, Nebr-..........- 31} 7p. m. Small tornado.....| A few outbuildings destroyed Do. 


1 “Mi.” signifies miles instead of yards. 
RIVERS AND FLOODS 
_ (River and Flood Division, Montrose W. Hayes in charge) 
By Ricumonp T. 

The only overflows of consequence in the principal 
rivers of the United States during July, 1931, were those 
in the Pascagoula and Pearl River systems of Mississippi. 
These floods caused damage to the extent of $165,000, 
most of which was the result of 25,000 acres of prospec- 
tive crops being inundated. The money value of prop- 
erty saved by warnings was estimated at $5,000. 

he usual table of flood stages which occurred at 
Weather Bureau gaging stations appears herewith. No 
damage was reported at any of these places except that 
mentioned in the preceding paragraph. 

Heavy local rains caused numerous overflows in creeks 
and small streams where it is impracticable to maintain 
warning service. Damages were reported (but the extent 
or amount was not given) at Bremen, Ohio, on July 2, 
at Cawker City, Kans., on July 6, in central Vermont on 
July 22, at Portsmouth, Ohio, on July 23, at Pocatello, 
Idaho, on July 29, and at Helena, Mont., and Cheyenne 
Wyo., on July 30. On July 9 severe local rains cause 
floods in stb: f streams in and around Scranton, Pa. The 
damage wasestimated at$50,000. OnJuly 14 aseverestorm 
caused floods in the small streams in and around Phila- 
delphia, Pa. The damage was estimated at $1,000,000. 


The Mississippi River and nearly all of its tributaries 
remain at very low stages. 


Table of flood stages in July, 1981 


Above flood Crest 
Flood stages—dates 
River and station stage 
From— | To— | Stage | Date 
ATLANTIC SLOPE DRAINAGE 

Feet Feet 
Susquehanna: Oneonta, N. Y------..-...- 12 ll 11 12.0 1 
Neuse: Smithfield, N. C........-....-.-.. 14 5 5 14.2 5 
Santee: Rimini, 8. C 12 13 13 12.2 13 


EAST GULF OF MEXICO DRAINAGE 


Chickasawhay: Enterprise, Miss__.......- 21 23 30 22, 
Pearl: Jackson, Miss. 28 31 22, 


Basin. 
Sulphur: Ringo Crossing, Tex......... 20 26 2%; 204 26 
WEST GULF OF MEXICO DRAINAGE 


Ri le, Tex 19 19 23. 5 19 

San Benito, Tex 23 20 22 24.7 21 

Brownsville, Tex... 18 22 18.5 22 
GULF OF CALIFORNIA DRAINAGE 

t 7 1 1 7.0 1 

Colorado: Parker, Ariz... 8 14 "32 11 


WEATHER OF THE ATLANTIC AND PACIFIC OCEANS 
By the Marine Division, W. F. McDonatp in charge 


NORTH ATLANTIC OCEAN 
By W. F. McDona.p 


The average barometric pressures over the Atlantic 
and its adjacent coasts during July, 1931, did not depart 
greatly from the monthly normals except over Iceland, 
the British Isles, and Scandinavia, where the barometer 
averaged considerably below normal. From Halifax to 
the Spanish Peninsula there was a slight excess in average 
air pressure, and a slight deficiency from the Caribbean 

ion to Bermuda and New England. (See Table 1.) 

hese conditions represent a displacement northeast- 
ward of the Atlantic centers of action during July, with 
some intensification of the usuall cen 
pressure over the northeastern Atlantic, which is reflected 


i the fact that the British Isles mpeenet unusually . Berm 
@ pressure over | 
southern Greenland (Julianehaab) continued above nor- — 


cloudy and unsettled weather.! 


mal though not up to the extraordinary height shown by 
y Supplement to the Daily Weather Report. British Meteorological Office 


1 Month 
July, 1931. 


inactive center of low — 


average pressure in the fenced month when the mean 
barometer was 30.07 inches. 


TaBLe 1.—Aver departures, and extremes atmospheric 
pressure (sea le at selected stations for the North Atlantic 
Ocean and its shores, July, 1931 

Average | Depar- | High- Low- 
Stations pressure | ture est Date est Date 
Inches Inch Inches 

Julianehaab, Greenland !_.... 30.32 | Oth......| 29.53 | Ist. 

Reykjavik, Iceland 29.71 | —0.12} 30.10 | 29.36 | 23d. 

Aberdeen, Scotland ?_........ 29. 68 —. 2% | 930.01 | Ist__....| 29. 33 | 27th. 

Valentia, Ireland 29. 83 —. 18 | 930.20 | 2ist_.... 29. 52 | 14th. 

Lisbon, Portugal 30.07 | +.05| 30.30 20.94 | 22d, 

Horta, Azores 30.34] .+.07| 30.52 | Ist...... 30.08 | 10th. 

Belle Isle, Newfoundland !....| 29. 83 —.04 | 30.38 | 8th......| 20.38 | Sth. 

Halifax, Nova Scotia 29.96| +.01| 30.26 10th... 20. 62 | Bist. 

Nantucket #.........-........ 29. 93 —.05 | 30.13 | 13th....- 20. 52 | 22d. 

Hatteras 29. 96 —.05 | 30.16 | 29.75 | 22d. 

30. 09 —.04 | 30.28 | 25th...._| 29.86 | 4th. 

Turks Island *..........-....-. 30. 05 —.02 | 80.18 | 12th..... 29. 96 | ist. 

--| 29.97 —.06 | 30.10 | 20th.....| 29.85 | 9th. 

New Orleans ?................ 29. 96 ~.04 30.15 | 30th..... 29.78 | 15th. 


1 All data based on a. m. observations only, with departure computed from best avail- 
orrec our means, on more one on q 
and lowest from one observation daily (a. m. only). 
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Reports in hand indicate that gales were experienced 
on only a few days in the month. The most disturbed 
conditions occurred over the main northern steamship 
routes east of longitude 45° W. during the latter half of 
the month, with three ships reporting winds of gale force 
in that area on the 16th and three on the 20th or 21st. 
These spells of mildly stormy conditions were the result 
of the development of an extensive low-pressure belt 
—? from Labrador to the North Sea with a stable 
ridge o ~ presvnne extending from Florida to Spain 
and crested well northward over the Azores. 

The French steamship Nevada (captain, F. Bougouin; 
observer, LeFichoux) on the 14th encountered a small, 
sharp depression at the western end of the English 
Channel, in which the barometer dropped between noon 
and 7 p. m. from a reading of 29.9 to 29.1 inches, after 
which the ——- rose rapidly, the depression — 
accompanied by wind rising briefly to force 10, an 
shifting from east-northeast to west-northwest. This 
disturbance is clearly identified in the daily weather maps 
of the region, which show it to have traveled northeast- 
ward, retaining its central depth but increasing in area, 
though apparently not producing storm winds of any 
great extent. 

A disturbance resembling in some of its characters a 
mild tropical cyclone originated in the western Gulf of 
Mexico on the 14th and caused winds of force 8 to 11 
near the Louisiana coast as it progressed northeastward 
on the 14th and 15th. The tanker W. C. Teagle (captain, 
W. Doyle; observer, C. Dwyer) encountered this dis- 
turbance en route from Galveston through the Florida 
Straits, on the afternoon of the 14th, about latitude 28° N. 
and longitude 91° W. The barometer fell rather sharply 
about two-tenths of an inch, reaching the lowest point at 
4:30 p. m., when the ship’s weather journal states that 
“the wind was ESE., force 11, with driving rain squalls 
and the air full of spray. Kept the vessel head-on at 
reduced speed. At 6 p. m. the wind was SE., force 10, 
with barometer pumping between 29.72 and 29.78.” 
Southeast gale and rain continued throughout most of 
the night of the 14th-15th, but the wind changed to south 


JUty, 1931. 


by 7 a. m. and diminished to force 6, with barometer 
returning to approximately the same height as at the 
beginning of the storm. The intensity of the disturbance 
may bejudged, however, by the remark in thestorm log that 
‘the vessel was set north about 50 miles by wind and sea.” 

A wind of moderate gale force was experienced by the 
steamship LaPlaya in the Gulf of Honduras on the 23d, 
but this appears to have been the result of a local strength- 
ening of the trade wind rather than a developing tropical 
disturbance. 

Fogs were as prevalent as usual for July over the main 
steamer routes from North Atlantic ports eastward and 
northeastward, being most widespread between the. 5th 
and 10th and again from the 22d to 28th, during which 
oy fog blanketed most of the Atlantic area north of 

atitude 40° and eastward to the vicinity of longitude 
20° W., with a considerable extension southward along 
the American coast to the latitude of Hatteras from the 
7th to 9th. There was another. spell of extensive fogs 
over the mid-Atlantic between the 15th and 19th, but 
American waters were quite free between the 17th and 
21st and again in the last five days of the month. 

Three successful airplane crossings of the Atlantic were 
attempted during July. The first plane (Magyar and 
Endres) left the American coast on the 15th, landing 
near Budapest on the 16th. Two planes (Boardman 
and Polando in one, Herndon and Pangborn in the other) 
left simultaneously on the 28th, the first named making 
a nonstop flight from New York to Constantinople by 
which they claimed to have established a new mark for 
distance, in a traveling time of somewhat over 49 hours 
of flight. The second plane landed safely at Berlin. 

It may be noted here that these flights were favored 
by stable barometric situations over the Atlantic, marked 
in each case by a well-dexploped ridge of high pressure 
extending completely across the ocean with long, almost 
isobars parallel to the line of flight, 
steady tail winds over practically the entire stretch o 
ocean route. Charts VIII to XI reproduce the weather 
maps of the North Atlantic on July 15, 16, 28, and 29, for 
their interest in connection with these trans Atlantic flights. 


OCEAN GALES AND STORMS, JULY, 1931 


i Diree- | Direction | Direc- 
Voyage ‘lowest barometer, Time of TQ | ton of | and foree | tion of Shifts of wind 
Vessel Gale lowest Gale be- wind of wind wind force of pear time of 
; began barometer | °?4¢4 | rom. | ¥ at time of | when | wind and est 
From— To— Latitude Lonigitude| pred lowest gale 
began | barometer | ended 
NORTH ATLANTIC 
Lochkatrine, Br. M. 8... Ca- | Liverpool....| 27 56 N | 58 16 W | July 1/| 4p.,1-..-- July 1] 30.02} SSE__.| SSE, 8....] SSE___] SSE, 8....| Steady. 
Narragansett, Br. M. 8..| Liverpool... Ca- | 48 48 N | 18 33 W | July 3/| 6p., 3.----. July 4 | 29.85 | WSW_.| W, 6...... “WSW..| WNW, 8..| WSW-WNW. 
Nevada, Fr. 8. S.....-.-| Havre.......- N 2 00 W | July 14 ; 7p., 14-. July 29.00} ESE...) NNW, 10:} NW...| NNW, 10 
W.C. Teagle, Am. S.8...| Galveston....| Cape Henry .| 27 44 N | 90 42 W |___do. 4p., 29:70 | ESE...| ESE, 11...| ESE, 11...| ESE-S. 
Ambridge, Am. 8. Antwerp.._-- New York..-| 49 04 N | 39 07 W | July 16 | 16.._.| July 17 | 20.78 | WSW..| S8SW...... SW....| WSW, 9._| sSW-WewW. 
Gonzenheim, Ger. 8. 8..| Rotterdam do 50 40 N | 23 02 W |...do. 11 p., 16...)...d0....] 29.89 | W......} W, 8.....- NW...| W, 8..-..-| WSW-WNW. 
--d0.....- 49 36 N | 39 62 W | July 19 a., 20....| July 2 | 20.81 | 8....... SSW, 9...| WSW_.| SSW, 9_..| SSW-WSW. 
City of Alton, Am. 8. 8 -}_._.. do _.d0 50 30 N | 15 46 W | July 16 | Mid., 16__| July 17 | 20.96} W_22..] W SW....| SW, 8.....| W-8W: opt 
do 48 45 N | 38 25 W | July 20 | 2a., 21...-| July 21 | 29.76 | SW....| SW WNW.| W,8.......SW-WNW. _ 
Delfshaven, Du. 8. S....| Antwerp..... Baltimore._..| 42 37 N | 46 37 W | July 18 | 7a., July 19 | 30.08 | ©, sw, 8-SW. 4 
Bird City, Am. 8. 8.... Co Portland, Me.) 56 55 N | 30 00 W | July 21 id., 21..| July 22 | 20.36 | W....- We Benes Wsw..| W, 8... 
La Playa, Pan. 8. S.--_- Mobile... ...- Puerto or- | 17 16 N | 87 20 W | July 28 | 6 p., 23...-| July 24 | 29.78 | ENE_.| NE, 7.....| ENE_.| ENE. Steady. 
Collamer, Am. 8. 8......| Bordeaux....| New York...| 47 21 N | 4812 W July 31 | 7 p., 31....| Aug. 1 | 29.25] 8....-.- 8SW, 9...) WSW../ SSW, 9...) S-WSW. 
NORTH PACIFIC i ; 
OCEAN 
Golden Sun, Am. 8...| San Francisco) Yokohama...) 44 00 N | 151 30 W | July 2/| 6p.,2.....| July 2 | 30.16 | SSE...| SSW, 8.- Ww... Ww, 8.. E-88W. 
Shintoku Maru, jap. Bk.| Kobe........- Honolulu...-; 46 43 N | 16410 E | July 2p..3..... July 4| 29.79 | SE... 
Makiki, Am. 8. 8.......} San Francisco) 36 00 N | 127 00 W | ..do. 5 a., 4....- ---d0....| 20.84'} NNW, 6. é 
Emidio, Am. 8. 8.......| San Pedro....| Vancouver...) 39 40 N | 124 24 W | July 2p., 3..... July 3 | 20.86) NNW .| NNW, 7..| NNW.| NW, 
Challenger, Am. M. S._.| Balboa. San Diego....| 16 20 N | 99 67 W ...do....| 20.85 | B...... E-W, 
Ogura Maru, Jap. M.S.| Yokohama...) Los A 42 48. N | 177 22. W } July 7 | 4p., 8 ....| July 8 | 20,42 ESE. NNE, 8...| NE 
Hanover, Am. S. 8......| San Pedro....| Kobe --| 82 35 N | 14025 9....| July 9 | 20.66 | A WwW... Steady. 
San Maru, Jap. | Yokohama...| San Pedro....| 41 46 N | 16534 W |__-do.. July 10 | 20.33 | By, Do. 
Akagisan Maru, Jap. |.....do........| San Francisco) 42 47 N | 157 50 E do Noon, 9...) July 11 | 29.60°| B...... NNE, 2...| ENE..| ENE, 8 E-NNE 
Buenaventura) San Pedro....| 15 00 N | 96 00 W | July 10 | 2p., 10_...| July 10 | 29.66 | 
Atlantic, Am. 8. 8 Francisco) Panama--..... 18 51 N | 104 42 W | July 21 | 104., July 21 | 20.84 | SE... SSE, SE, 8... SE-SSE 
Effna, Am. S. 8........- Pedro 00 N |!97 30 W | July 26 | 7 ., 26.__.; July 26| 20.63 | N Bikes NNE, 8.- 
Nora, Am. 8. 8 do 116 08 N | 98 48 W |...do..../ 1 p., do....| 29.67 | ENE..| ENE, 7...| SE...-.. E-ESE. 
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NORTH PACIFIC OCEAN 
_ By E. Horp 

Atmospheric pressure—While in June, 1931, the 
‘Aleutian Low was better developed than normal for the 
month, in July, on the average, the depression had largely 
filled, with barometer higher than normal, except over 
the northwestern perk of the Gulf of Alaska, where it was 
slightly below. Such shallow northern depressions as 
occurred. extended from near Kodiak northward across 
Alaska into the Arctic Ocean, the average barometer at 
Point Barrow being 29,84 inches. ; 

The North Pacific nreH on the average covered a wide 

anse of the ocean, with a greatest north-south extent 

from the central Bering Sea to the Hawaiian Islands, and 
a greatest northeast-southwest extent from eastern 
Alaska almost to the lower islands of Japan. 

The following table gives barometric data for several 
island and coast stations in west longitudes, including 
Point Barrow on the Arctic Ocean: 


TaBLE 1,—Averages, departures, and extremes of atmospheric 
pressure at sea level, North Pacific Ocean and adjacent waters, 
July, 1981, at selected stations 


Depar- 
Stations fure "| High-| Date |Lowest| Date 
normal 
Inches Inch Inches Inches 
29. 84 —0.08 | 30.26 | 29. 44 | 30th. 
eee 30. 02 08 | 30.30 | 4th...... 29. 64 | 26th. 
30. 00 16 | 30.30 | Ist...... 29. 66 | 24th 
Kodiak ! 29. 92 02; 30.20 | 4th: 29.42 | 17th 
Midway Island !.............. 29. 99 —0.12 | 30.10 | 11th, 29.80 | 7th.’ 
Honolulu ¢ 30. 01 =0.01 | 30.09 | 2d_....-- 329.90 | 31st. 
uneau é 30. 05 0.00 | 30.43 | 5th...... 29. 52 | 20th 
T 4 a eee 30, 04 —0.04 | 30.45 | 3d_._.... 29. 69 | 20th 
San Francisco 29. —0.11 | 30,02 | 8th...... 29. 67 
San Diego 29. 81 —O0.11 | 29.93 | 9th.._... 29. 69 | 24th. 
1 P. m. observations in averages; a. m, and p. m. in extremes. 
2 For 30 days. 
3 And on other date or dates. 
4A. m. and p. m. observations. 
5 Corrected to 24-hour mean. 


Cyclones and gales—The month of July passed without 
the appearance of any important cyclones on our charts 
over any part of the North Pacific Ocean. Aside from 
one or two Aleutian disturbances of moderate depth, the 
deepest depression occurring in middle and upper lati- 
tudes passed over northern Japan on the 26th. No high 
winds, however, so far as known, occurred in its vicinity. 
Scattered gales, in no instance exceeding force 8, were 
reported on a few days from the 2d to the 11th along the 
ee routes. A fresh gale was experienced south of 

onshu on the 9th, while off the upper California coast 
and thence for approximately 500 miles southwestward, 
os of similar force were encountered on the 2d and 3d. 

n the last instance the cause was a sharp pressure gra- 
dient on the eastern slope of the oceanic n1cH abutting 
upon a Low over southern California. 

Conditions wére quiet in the Asiatic Tropics, with only 
slight depressions occurring. Off the Mexican west coast 
the weather was soushaevelie disturbed, with indications 
that at least four tropical depressions or cyclones of 
sufficient energy to cause known gales of force 8 or 9 were 
developed. Observations were too limited, however, to 
give more than meager information as to storm formation 
and movement. The only disturbance among them 
mentioned by the Mexican weather maps was that of the 
2Ist to 24th or 25th, with some violence of wind and 
Precipitation indicated, as the cyclone progressed north- 
westward and entered the coast through the Gulf of 
California. The gale notations, some of which appear in 
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the table of gales, as gathered from our vessel weather 
reports, show the following: On the 3d; south of Acapulco, 
occurred the highest wind thus far reported for the entire 
ocean for the mouth—an east gale of force 9, accompanied 
by a barometer depressed to 29.55 inches. On the 10th, 
at the western extremity of the Gulf of Tehuantepec, a 
fresh north gale occurred, with pressure down to 29.66 
inches. On the 21st a fresh southeast gale was reported 
south of Manzanillo, with but slight barometric depression. 
On the 23d, in 16° 55’ N., 101° 35’ W., a moderate 
southeast gale was experienced, with lowest pressure 
29.59 inches. At 9 p. m. of the 25th the American 
steamship Ensley City reported a barometer reading of 
29.39, and an hour later a maximum wind force of 7 from 
the southwest in 13° 20’ N., 96° 08’ W. On the 26th, 
between Acapulco and Salina Cruz, fresh gales from east- 
southeast and north-northeast occurred, with lowest 
reported barometer, 29.63 inches. In a report from the 
American steamship Za Perla, the observer, Mr. J. 
Walton, said: ‘July 21 and 22: Unsettled weather condi- 
tions along the Mexican coast. The Weather Bureau at 
Mexico advised that a hurricane was moving along the 
coast.’ 

Winds at Honolulu.—The prevailing wind direction at 
Honolulu was east, with a maximum velocity of 24 miles 
from the northeast on the 21st. 

Fog.—Over practically the entire region lying between 
the fortieth and fiftieth parallels fog showed a slight to 
heavy increase over that of June, the percentage of its 
occurrence risi adually from the American coast 
westward toward the Kuril Islands. Over most of the 
western half of the ocean within these latitudes at least 
40 to 60 per cent of the days had fog. Fog lessened 
rapidly south of the fortieth parallel, disappearing mainly 
at 35° N., except along the American coast. From 
Eureka conthward to the middle coast of Lower California 
it occurred on 25 to 30 per cent of the days. 


BUCKET OBSERVATIONS OF SEA-SURFACE 
TEMPERATURES 


By Guzs Sitocum 
STRAITS OF FLORIDA AND CARIBBEAN SEA 


The temperatures herein published are the means of 
the average temperatures for the four quarters of the 
month, except that, in the case of the 5° subdivisions of 
the Caribbean Sea, the figures shown are the simple means 
of the observed temperatures with the entire month taken 
as a unit. Table 1 shows the lengths of the quarters for 
each length of month. 

Table 2 shows the average temperature for the Carib- 
bean Sea and the Straits of Florida for July of each year 
from 1919 to 1930, inclusive, and Table 3 summarizes 
the temperature for the month in the same areas, includ- 
ing the departures of the July, 1930, means from the 
11-year means for July, 1920-1930, and the changes from 
the temperatures for the preceding month of June, 1930. 

The chart shows the number of observations taken 
during the month of July, 1930, within each 1° square; 
the mean temperature of the Straits of Florida, and of 
each 5° ! subdivision of the Caribbean Sea; the 11-year 
means (1920-1930) for these areas; and the local mean 
time corresponding to Greenwich mean noon, at which 
time the mariners are instructed to make the temperature 
readings. 


1 In three cases, as indicated on the chart, the observations from small, little traveled, 
and unimportant areas at the outer limits of the Caribbean Sea have been treated as 
parts of contiguous 5° subdivisions. 
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There is usually a slight increase during July in the 
surface temperatures of the Straits of Florida and the 
Caribbean Sea. The average rise is greatest in the 
straits during the first part of the month, and in the 
Caribbean near its end. In both areas the rise is least 
in the middle half of July, at which time the average 
temperatures show practically no change from one 
quarter-month to the next. Both areas are warmest 
later in the summer, the peak monthly and quarter- 
monthly averages occurring in August or in September. 

The northwestern portion of the Caribbean Sea is 
warmer in July than the southern and eastern parts, and 
the coolest water is that off the coast of Venezuela. 
There is thus, during this month, a roughly progressive 
increase of temperature in the Caribbean from east to 
west and from south to north. 

The northwestern waters of the Caribbean, in addition 
to being the warmest, also show the greatest June to 
July rise in temperature of any portion of the sea, while 
the southern salient of the Caribbean, bounded on the 
north by the line extending from Gallinas Point, Colom- 
bia, to Cape Gracias a Dios, Nicaragua, and on the south 
by the continents, cools slightly from June to July. The 
rest of the sea shows little or no clearly defined tempera- 
ture range between the two months. 


TaBLe 1.—Lengths of ‘‘quarter-months”’ used in computing mean 
sea-surface temperatures 


Days of month included in quarter 
Length of month 
I I I IV 
28 days. 1-7 814 15-21 22-28 
1-7 8-14 15-21 22-29 
30 days. 1-7 8-15 16-22 23-30 
31 days © 1-7 8-15 16-23 24-31 


In July, 1930, the Caribbean Sea had a temperature 
near to or somewhat below the seasonal average from the 
seventieth meridian eastward, and was warmer than 
average over the rest of the area. The general average 
temperature, inclusive of the entire Caribbean Sea, was 
above the 1l-year mean. These above-normal tempera- 
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tures in the Caribbean had now persisted since March, 
1930, or for five consecutive months. 

The temperature of the Straits of Florida was close to 
the average except during the first quarter of July, when 
the region was cooler than is usual so late in the season. — 


TaBLE 2.—Mean sea-surface temperatures in the Caribbean Sea and 
the Straits of Florida for July, 1919-1930 » 


Caribbean Sea Straits of Florida — 

Year Number Number 

| ofobser-| Mean | of obser- | Mean 
vations vations 
°F. oP. 

1919 pat 88 81.4 824 
1920. 238 81.1 37 82.4 
SP 277 81.2 68 82.6 
1922. 191 81.0 63 82.9 
1923 358 iH 89 82.8 
1924 334 8 100 84.2 
552 8L.5 121 83.2 
1926 536 $2.5 155 $4.0 
1928. 682 81.9 183 $4.0 
1930 2702 82.0 3170 83.0 
Mean (1920-1930) 81.6 83.1 


1 Not used in computations because of insufficient data available. 
2 Includes 7 intake readings. 
3 Includes 2 intake readings. 


TABLE 3.—Mean sea-surface temperatures (°F.), and number of 
observations, July, 1980 


Caribbean Sea Straits of Florida 
Depar- Depar- 
Mean| 11-year | preced- Mean] 11-year | preced 
mean | ing vations mean | ing 
vations (1920- | month (1920- | month 
1930) 
July 8-15... 193 | 81.9 44 1.83.0 
IV..---4) July 178 | 82.0 39 83.3 
1 702 | 82.0 | +0.4 1170/80) “Oi, F26 
1 See notes 2 and 3, Table 2. 
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CLIMATOLOGICAL TABLES 


._ CONDENSED CLIMATOLOGICAL SUMMARY 


In the following table are given for the various sections of the climatological service of the Weather Bureau the 
bron thy average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with 
dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated by 
the several headings. | 

The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by using all trustworthy records available. 

e mean departures from normal temperatures and precipitation are based only on records from stations that 
have 10 or more years of observations.. Of course, the number of such records is smaller than the total number of 
stations. 


Condensed climatological summary of temperature and precipitation by sections, July, 1931 
1 [For description of tables and charts, see REVIEW, January, p. 50) 


Temperature Precipitation 
a Monthly extremes Greatest monthly Least monthly 
op | °F. °F oF. In, In. In, In. 
Alabama.............. 81.8 | +16 | 2stations........... 12 | Riverton............| 58 | 11 | 5.74| +0.37 | Seven Hills......... 25.10 | Tallassee............ 1.16 
Arizona 83.7 | +2.5 | Quartzsite. ......... 119 2 | Bright Angel?....._. 38 5 | 2.28 | —0,17 Vicente......... 7.54 | Marinette_.......... 0. 00 
Arkansas.......... 81.0 8} 2stations.......-... 106 | 48 6 | 6,00 | +2.25 | White Cliffs.......- 13.00 | 2.13 
California. ........ 2] Greenland Ranch-_..| 126 | 119 | Madeline. _........- 30 |. 11 | 0.04 | —0.05 | Lake Sebrina....... 1. 48 | 182 stations......... 0. 00 
Colorado. 69.7 | +2.7 | Las Animas......... 109 22 | 3 stations........... 2; 17/142) —0.91 | North Lake......... TS ef eS 0. 08 
<4 82.8 1.5 | Monticello. ........- 106 3 | Plant City.......... 60 2 | 5.88 | —1.27 | Lake City..... 12.26 | Fernandina......... 1.29 
Georgia 83.1 3.2 | 2stations.........../ 108 | 12} 68 | 2 475 | —1.00 10.57 | Double Branches.._| 1.77 
Idaho 71.0 2.4} Orofino............- 116 20 | 3 stations........... 25 11 | 0,30 | —0.27 | Blackfoot........... 1, 42 | 7 stations...........| 0, 00 
78.4 3.1 wardsport........| 108 2 4 11 | 3.08 | —0.30 | Butlerville_......... 8.99 | Monticello (near)...} 0. 63 
Iowa 77.2 5 | Lenox......... Maan 109 28 | Fayette............. 42 10 | 2.72 | —1.11 | Columbus Junction.| 7.87 | Lansing__........... 0. 58 
80. 4 2.1 | Russell_............- 113 22 | 3 stations. .......... 43 1§ | 232 | —1,03 | La Cygne........... 9.16 | Richfield 
Kentucky............. 79.9 3.1 | Greensburg... 104 31 51 12 | 3.85 | —0. 29 9.51 | Marion. -........... 0. 45 
82.9 2 | Dodson. 105} 42 ine 19 622 10 | Pearl River._-...... 14. 56 
Maryland-Delaware__| 77.6 2.4 | Cumberland, Md_--| 103 1 Ad 26 | 4.53 32 Md....| 848 | Pocomoke City, Md! 1.96 
Michigan. ...... 725 | 1/8 32 10 | 1.77 | —1.10 | 5.93 | 0, 25 
Minnesota... 72.3 | +3.2 15 | Big Falls. 36 9 | 281 | —1.09 | Gonvick............ 5.55 | Farmington......... 0. 
Mississippi............| 81.3 3 1 | 2 stations........... 69 | 111 | 891 | +3.89 | Hickory._........... 17. 65 | 2 stations. .......... 4, 
Missouri..............| 80.3 3.0. 49 6 | 3.23 | —0.77 | Lockwood.-........ 8.66 0,43 
Montana 68.5 | +21 121 | Conways Ranch....| 24 1 | | +016) Valier............... 5.28 | B 
Nobpagkas 77.5 | +28 22 37 7 | 1.92 | —1.42| Fairbury_.:......... 5.30 | 0.00 
78.2 8 25 | 2 stations. _......._. 33} 15|014| —0.21 | 1, 23 | 0.00 
New England......... 71,1 21 28 | Somerset, Vt........ 41 26 | 4.24 | +0.50 | Cavendish, Vt...... 11. 30 | Lewiston, Me....... 1.51 
ew 76.6 1 | Runyon..........-.. 50| 27 | 424 | —0.29| Lambertville... | 7.55 | Cape May.......... 0, 80 
w M 72.4 7 28 | 2 stations. .......... 28 | 16) 2.56} —0.21 | Dunagans Ranch_-.} 10.12 | Pasamonte.......... 0, 27 
New York. ........... 726| +31 2 | Indian Lake_......- 41 6 | 5.39 | +1.46 | 12.47 | Bardonia............ 1.89 
North Carolina. ...._. 79.3) +24 2 } 2 stations. -........ 16 | 6.07 | +0.23 | 12.36 | Asheville............ 2.09 
North Dakota........ 70.6 | +22 125 | Linton.............. 37 5 | 3.03 | +0.61 | Petersburg.......... 0. 18 
Obie, 77.2 TP 9 } Circleville...........} 105 16 44 12 | 3.77 | —0.07 | Circleville........... 7.73 | Catawba Island.....| 0. 52 
Oklahoma............ 82.9 1,4 | 2stations...........| 100 4 | Boise City..... 44 5 | 2.99 | +0.29 | Wichita 9.59 | Kenton............./ 0.31 
68.7 24 Umatilla............ 115 20 | Seneca. ............. 21 1/001 | —0.39 0. 33 0. 00 
ennsylvania._....... 75.2 | +3.2 | 2 stations. .......... 105 |} 114 39 11 | 5.28 | +0.99 | Center 13, 28 | New Castle...... 181 
South Carolina........ 82.2 | +2.4| Garnett............. 107 7 | Caesars Head....._. 11] 5.35 | —0.51 | Chappells........... 9.20 | 2.08 
South Dakota.........| 77.0 7) Redfield... ......... 116 | 15 39 5 | 1.46] —1.31 3,89 | 0, 08 
Tennessee. ....... 80,2 | +28 Etowah....... 3 | Crossville........... 50 | 111 | 4.82 | +0.44 | | 14.70 | 
12} 50 5 | 3.08 | +0.48 | Corpus Christi_..... 11. 92 | 0.2 
Utah 4| +39) 2 s----| 12 | 124 | 2 stations. 15/079) —013 Cedar 3.20 | 
Virginia......... 7% 2 Lincoln.............| 104 1 | Burkes Garden.....| 45 | 535 | +0.84| Wallacet 11, 37 | 
6 1.1 2 stations...........| 20 016 | —0.46 | Big Four............| 1.49 | 31 stations........../ 0.00 
West Virginia._....._. 76.8 0 | Charleston..........| 108 3 Sere Be 12 | 4.78 | +0.12 | Charleston.......... 10. 74 | St. Marys........... 0. 93 
Wisconsin.............| 73.4 0 | 2stations...........| 106 | 116 | Coddington......... 85| —1.50 | Sheboygan.......... 6.04 | Downing............} T. 
Wyoming... ----| 68,6 9 | Colony......... -----| 111 | 25 | Hunters Station.....| 21 7 | 1.32) —0.00 Pathfinder. 5.37 | Deaver............ --| 0,10 
Alaska (June}.........| 51.7 | —1.2| Amchorage. ....... White Mountain..... 20; 1) —015| Kodiak.............| | 7,90 | 2stations...........| 
74.8 | +0.5 | 3 stations...........), 92} 4144 | Kanalohuluhulu....| 48 7 | 7.20 | +1.09 | Puohakamoa (No. 30.40 do 0.00 
Porto 7&7 | +0.9| San German. _...... 96 |. 26 | Guineo Reservoir...| 56 | 19 | 7.30 | +0.64 | San Lorenso.....-.. 14.68 | Ponce............--- 1.87 
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1.—Climatological data for Weather Bureau stations, July, 1981 
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56} 10} 1 
| 15) 1 
60) 10 
13} 1 
B} 65) 10} 1 
| 65) 15 
65) 13) 1 
16 
By 65! 13 
| 
| | 
107 64) 9 
10 21 
414 B65) 6| 1 
5) 65) 3) 14 
94 65) 5] 
123 66) 3} 
81 65) 
37 | 68) 
10) | 93) 6 
159 | 66) 0} 1 
100} | 67) 4) 
62 | 3 
153 | 69) 5) 
170 | 70 1) 14 
11 70) 4 
235. 89 93] 2) 88| 61| 65| 27) 66 
55| Ol} 2) 93) 15 72) 28 72) 7 
6 98} 2| 90} 63) 11] 69) 27 8, 
5 89) 19} 85, 68) 28} 72) 17) 75) 73 
103 98] 11] 72) 27, 73) 71 
81 96; 90} 69) 27) 74) 23)... 9 
11 01 90} 11) 76] 27) 77| 75 13 
01] 93) 67| 72) 31) 73 
me 10} 99; 3) 92) 68) 27) 71 A 8 
139 99} 3] 92) 65] 11] 71) 27) 72] 69 4 
62 03} 96) 69) 12) 74) 28) 75) 71 2 
150) Ol] 7| 93) 70) 14 74) 26) 75) 73 p 14 
209) 98} 3| 92) 70| 19) 76 75| 73 
rd 9} 74) 12) 78} 1 75 5} 10 
124) pi) 7| 88 73) 3| 78 6| 74 13 
86 p6} 25; 92) 71) 2 76) 23) 76) 75 
5 94) 70} 2| 74) |. 7 
190| 216) 25. 76 68) 24) 7 71 10 
78} 87} 29.59 68) 9) 73) 27) 74 b} 10 
49| 103) 29. 70 69] 23] 73] 25) 75) 73 11] 
11} 51} 29.95 14 23) 76) 17 75 
149) 29. 92 0 70) 25) 76) 17; 76) 74 Al 
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MONTHLY WEATHER REVIEW 
TABLE 2.—Data furnished by the Canadian Meteorological Service, late reports, June, 1931 
Mean 
max.+ 
mean 
min. +2 
°F 
59 
58. 
56. 
57 
5A. 
66. 
65. 
63. 
65. 


reduced | reduced 
to mean of|to mean of; 


24 hours | 24 hours 
Inches 


mean sea || Station | Sea level 


Altitude 
above 
level, Jan. 
1, 1919 
Feet 


x 
| 
normal 

5.74] +281 | 
| 3. 32 +0. 65 
3.81} +0, 28 | 
| 2.61) +0.18 | 
656 29. 29 30. 00 +. 03 61.5 +1.1 72.0 51.0 90 35 1.83 —0, 52 
688 29.31 29. 99 +. 03 62.9 +1.2 73.1 52.8 90 39 1.80} —0.62 
644 29. 25 29. 96 +. 02 58.3 +1.9 67.5 49.1 90 37 234| —0.39 
ease UO 760 29. 06 29. 87 —.02 65.8 +3.6 77.4 54.3 97 34 1.13} —2.16 we 
28. 09 29. 87 —.02 63. 5 +3.9 77.6 49.5 108 27 1.78) —1.22 2: 
27. 62 29, 82 —. 05 63.7 +3.8 77.9 49.4 100 31 1.54|  —1.88 
27.31 29.77 —.10 65.8 +5.8 80.8 50.9 102 36 2.45|  —0.22 
27. 36 29. 79 —,06 64.9 +2.9 78.2 51.6 94 36 2.13} —0.68 
26. 25 29. 87 +103 57.2 +1.2 69.0 45.5 84 37 217| —0.28 
25. 32 29. 82 —|02 52.4 +0.9 63.9 40.9 80 29 3.64} +0.31 
< 28. 32 29. 86 60.7 +3.0 72.6 48.9 96 35 2.83} +0.32 0.0 
28. 10 29. 81 —.05 60.9 +1.4 74.7 47.1 92 31 0.89| —2.42 0.0 
Bebo Crs 2, 150 27. 54 29. 78 —.06 57.4 +0.5 68.7 46. 2 86 30 5.97 +3. 11 0.0 ae 
ON 28. 59 29. 86 —.01 63. 2 —0.6 72.8 53.7 92 46 1.25] —0.17 0.0 ps 
EA RAE, 230 29. 73 29. 98 —.08 56.7 +0.4 63.3 50. 2 80 47 4.33] +3.13 0.0 ay 
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